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This fiped report was prepered Ly members of the technical staff of
Phjleco--Ford /Corporation, 3900 Welsh Roed, Willow Grove, Pa 19060 under
Contract P30602-69-C-0116, Project 70L8, Task TOuBCl. Mr. R. R. Reaser
served as Project Mansger and Mr. D. Elsas served as Technical Manager
for the program. Major technical contributors were as follows: Messrs.
R. Dunber, J. Eyrich, J. Pisher, F. Creim, V. Huber, E. Lounsberry, J.
Mplcozsor, M. Marhefka, G. Hickett, H. Okamoto, N, Sher and A. Shultz.
Hezerous cther indivicduals offered valuable advice, corments and criticisms.
The Rozme Air Development Center prciect engineers were Messrs. John D.
Kelly, James L. Devis and Anthony S. Szalkowski (EMCAS).

This technical report is based upon tke results of the study ard
ipvestigation performed under Exhibit Line Item A0Gl. The study and
ion effori was accomplished during the period of 18 February
Decesber 1969.
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ABSTRACT

This report describes a study performed fo determine cost-effective and
technically effective means and methods of automating the functions of DCS
fechnical conirol facilities. In determining the degree ot automatjon that could be
applied to the various functions, the DCS environment, telecommunications systems
and equipment, and technical control operating activities were ccnsidered. The
requirements for Automated Tech Control (ATEC) facilities and an ATEC augmented
DCS were aigo determined.

As a result of this study, it was concluded that circuit status monitoring provides
the most benefit in fault detection and loalization. Automation of this and other
ATEC functions is recommended through use of a processor, which would alsc provide
controlled data storage and digplay irformation to manned consoles. 71 additicn,
the processor would correlate statiis monitoring information from equipment, links,
and circuits to provide performance agsessment and trend analysis. Other recom-
mended functions to be automated includs: report generation; remote gite gtatus
monitoring; and group patch, circuit patch and digital patch switching. The cost
of switch matrices precludes implementation of all circuits, and switching is there-
fore recommended only oz a limited basis, such as for high priority digital and audio
circuits and gelected corrier multiplex groups.

The recommended ATEC configuration provides for Status Monitoricg, Quality
Control and Centzal Control consoles to be operated by tech control personncl. Patch
bays witk sealed normal-through contacts are recommended with connection capa-
bility to test and mcnitor buses which will be accessed by the ceonsole operators. An
integrated orderwire and intercom capability is recommended for coordination and
control between elements of the ATEC facility; with other ATEC and manual technical
controf facilities; and with subordinate patch and test facilities, users and communica-
tions suppliers.
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a preliminary systems design appreach, in consideration of A¥CS Report 5-ORR-67,
for integraticn and evaluation of concepis and techniques to be developed by the
various task groups. This initial design approach was periodically changed and
updated as inputs were received from the various task groups.

The other ind!vidual task group eiforts essentially began at these starting points,
es:ablished by the Systems Design and Development group. The individual groups
investigated theix respective areas intensively, beginning with a more finite deter-
mination of task reyt.izements, a review of ATEC objectives, and the establishment
of necessary backgrcin.d. Candidate techniques and approaches were developed for
consideration. These were evaluated and selected approzches were justified.
Sources of required data were optimized with respect to quantify and value.

The resulting most technical and cost-~effective approaches were provided to the
Systems Design and Development task group for integration and coordination with
other tasks. The efforts and results of the various individual study task groups

are documented in the appropriate sections (Section VII through XXI) which comprise
Volume It of this veport, as referenced in Table I.

The System Design and Development task group assimilated all of the inputs from
tne various other task groups. This was a continuous process from the commence-
ment of individual {ask efforts until completion of chese efforts and final generaticn
of the individual task reports mentioned above. Based upou the results and recom~
mendations ohtained from these tasks, the optimum system approach was developed.
The system requirements were investigated from functional, operational and hard-
ware {and software; aspects. These efforts are documented in Sections I and IV
of this report. Considerable attention was also given to the cost-efiectiveness
aspects of ATEC as documented in Section V. The conclusions and recommendations
resulting from the total system design and development study efforts are provided
in Section V1. Section II provides a comprehensive summary of the total study efforts
and results achieved therein. Sections I through VI of this report comprise Volume I.

Although the efforis and achievements of the individual task groups were continually
reviewed and coordinated by the systems group, the conclusions and recommendations
reached by the individual tasks are not necessarily consistent with the final syatem
conclusions and recommendations eventually derived by the System Desgign and
Development task. That is, the individual study tasks reached certain recommenda-
tions as a result of their individual efforts, and which could not take into full account
the rosults obtained by all other tasks. These conclusions and recommendations
are gontained in the last paragraphs of each of the individual task reports; namely,
Sections VII through XXI of Volume II of this report. However, when the results of
all of these individual task efforts were combined and considered relative to the over-
all ATEC Facility and ATEC System Design and Development, it was deterinined
that certain deviations from, or variations to, these results were required. The
rationale and justification for these deviations and variations are contained in
Sections 1, IV and V of Volume I. The resulting conclusions and recommendations
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SECTION I

ATZEC SYSTZM CONCEPTS

. RACEEXRCTYD
1.t The Defeose Comzmamicetions System

kzjor commonications requirements of the Depertment of Defense (DOD)
=0 otfer mon—<efzose governmental depariments and agencizs are served by
2> exzzmsrre woTidwide military commurndications network. The principal eiement
=f s sy3iem s the Defense Commupaications System (DCS), whicn consists of
g-temt trzmwimission fzellities end associzted switching centers. The IBCS is
coreliied by (e Defease Commaniczticas Agency (DCA) and is operated princi-
teliy bt 1hwe =iiitery deperhinenis.

1.2 Reguirereriy for Technical Contrcl

Tyesy reasoc=ble effor? is made by the DCA and the military departments
o desiqz 2 verT higk degree of reliabilify and survivabilily into the system;
rewere -, 2l locg-kaol commumications systems are subject to degradation and
Zilore doe {0 netore] chenomenz and normal equipment failure. One of the func-
tees £ Tee: Comtrol Paciiities (TCFy is to alleviate the deleterious affects of
soch degrzistions 2n8 faflores. Technical Control Facilities monitor the quality
== furetionizg o] the system ard have prirme ra2spons “ility in restoral actions
zvolving 055 of communtcations.

in its role zs the comiroller of DCS stations, - e TCF's interface with a
designated DCA Operztions Center Complex (DOC( element, receiving oper-
ationezl direction from the DOCC and zuppiying st s information to the DOCC.
Cartziy of the DCS siaticas are desigasted as DCS reporting stations and submit
near-rezi-time arg periodic reports (ODR's) to the DOCC element, including
reported-on stations for which reporting responsibilities may have been assigned.
Trese reports fulfill the recuirements of DCA Circular 310-55-1, "Operational
Direction Mznaal of Defense Communications System (DCS). "

In zdditior to supporting the communications reguirements of the DCS, the
TCF is also responsive to the tactical needs of all military departments. Thus,
communications rescurces are provided for many forms of service, such as
ground/air, ship/shore and ground/zround as required for non-DCS service.
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1.3 Functions of Tech Control
Technical Control can be broken down into three major categories:

a. Fault detection and isolation
h., Restoral of service
¢. Record keeping and reporting

These functions in today's TCF's are performed primarily by manual crocedures, and
in some cases are aided with small degrees of semiautomated qualit; monitor ing.
1.3.1 Detection of Degradation and Failure

In order to carry out his respcnsibilities, the Technical Contreller must be
alerted when a circuit is in trouble. Trouble may be defired as tha celivery of an
unsatisfactory signal to the user or the presence of an abnormal condition in a station
or on a ‘ransmission link, which, if not corrected. will result in an unsatisiactory
signal to the user. The objective of the Technical Controller is to prevent or minimize
the unsatisfactory user service on the circuits under his cognizance. The degree to
which he is able to accomplish this objective is determined to a large extent by the
tools at his disposal. His tecls, in terms of the Technical Control facilities provided
for his use, must be designed to inform him promptly of any and si. rrouble afiecting
his circuits and to aid in correction,

There are a number of ways in which a Technical Controller becomes awsare
of circuit trcubles. The simplest but least desirable is for the user to inform the
Technical Controller that the service is unsatisfactory. An alternative is for the
Technical Cortroller tc monitor the guality of the signals being transmitted from his
station,
1.3.2 Fault Isolation
When a trouble is detected on a circuif, the function of the Technical Controller
is to locate the fault and take corrective action. It is essential to the proper operation
of a Technical Control that faults be quickly isolated and corrective action «ffected.

In some cases, the trouble may not have caused immediate lcss of service to the user;
however, speed in isolating the fault is important to avoid service being affected.

1.3.3 Service Restorai

After detecting a fault and isolating it to an element of the communicatiors
system, the Technical Controller is responsible for restoral of service. To carry
out this responsibility, the Technical Controller has facilities for patching spare
equipments and limited amounts of spare circuits for immediate restoral. Other
situations may require maintenance actions to effect restoral; also, in those cases
where circuit priority justifies such actions, lower prioritly users will be preempted
to effect restoral,
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1.3.4 Reporting

Reportirg and log keeping are nevessary but Hime-consuming functicns for a
Technical Controlier., Reperting requirements for Technics: Countrol are esteblished
by tte DCA in DCAC 310-53~1, “'Operational Directar Manpual of Defense Comunumica-
tioas Systems (DCS)", ani by the O M agercies of the varicus military departments
in suck documents as *"Navy Operations Reporting Requirements for Aatomated
Technical Controls ' fer the Navy, and AFPCSR 100-17 for the Air Force. Although
the ATEC smdy group did not receive any 4rmy documents covering their reporting
requirements, it is urderstood that they are similar to those of the Navy ard the
Air Feree.

2. REQUIREMENT FOR AUTOMATION

The ever-increasierg work loads placed or the Tech Control facilities of the DCS,
doe ‘o growth 2nd the increasing use of high speed digital transmission, have high-
iighted deficiencies in the present system. The future trend toward more and higher
speed digital transmissions, with the attendant stringent performance regquirements,
and the probieto of obtzining and retaining the required quantities of skilled persomnel
are causing thie situzation to worsen. In order to cope with the present-day eituation
and zccommodate the growth rate of the system, action must be taken now in order to
present the technical control facilities from becoming the bottieneck of the system.
The present-dey Tech Controller is burdened with the task of attempting to perform
kis duties with the tools and facilities of his trade, which have not kept pace with the
techrical zadvancements made in the systems which he attempts to control. These
faciiities znd his tools have changed very little from those used in World War I,
and are simply not adequate to cope with the present situztion. An attempt to solve
the problem has beer made by adding more and more manpower; however, this sclution
is not cost-effective and has not soived ihe problem, and in most cases, because of
chronic skilled manpower shortages, the facilities could not be staffed to authorized
levels.

All of the functions of Technical Control delineated in paragraph 1.3 are candi-
dates for automation. The fcllowing paragraphs descrive ways in which automation
may be applied to the performance of these functions in order to obtain a significantly
more effective facility capable of implementation within present state-of-the-art
technology.

2.1 Fault Deiection and Isolation
The primary mission of the DCS Technical Control facility is to assure
cotimum conumunicaiicn services for users., Provision of optimum service
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regalres thet Tech Coodrol perzocnsl be zwere of € resl-Urme toll commerice-
tion periormence, and meke vse of this kngwledge 1o prevent o correct mxantis~
factory zesvice.

Communication serfprmence cen ke oblr™: 57 g momitoring uncHow
which is conposed of subitmections a8 Iollos:

. Equipment
s Link
¢ Cireuit

—ranan

e System stafus

The first three subfunctions c2n be accomplished by direct monitoricg of accessible
comeumicaticn resources, acd the fourth, system states, may be derived by anzlysis
of the first three. I present TCP's, the statos monitoring function is lmited

by the capability ard capacity of the manuval operstors; they frequently must rely
upor notification from uzers of unsatisfactory service. Therefore, automation of
mecnitoring for performance assessment and falinre prediction is cougidered of

! primary importance in the ATEC facility.

: To accomplish equipment, lirk and cirenit monitcring involves (a) the
selecticn of parameters capable of eifectively evalvating performarce, (b) measure-
ment of these parameters without interruption to, or degradation of, normal ser-
vice, {c) orderly collection of the results of these measu aents, {(d) aszociation,
analvais and evaluation, (e) pregentation of resulte, /M acguisition of additions

relevant data, if required, (g) decisions, and () initiaticn of action.

The objective of ATEC is to dutcmate the actions iisted in (a) through (e),
and provide tools to assist the operator in (f) through {(h). The remainder of this
discussion is devoted fo the considerations and analyses related to the effective
accomplishment of this automation.

2.1.1 General Considerations

The ATEC system must provide a maximum return for every dollar in-
vested, and, since a minimum deployment of ATEC facilities within the DCS can
provide a highly s'gnificant performance improvement, the presumption of an
initial minimum deployment of ATEC facilities within the DCS is reasonable.

y sufficient and strategic circuit status monitoring can provide icformation relative
to all circuits (drop and through circuits) at an ATEC facility. In addition.
informsation relative to the performance of other TCF's is also obtaired.
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{sedizg wsesy. b &fs ceae, feuit dedeclion d zusiziencs in B Ischion &
2 rostie oxn e scoompiiched an a oiredl wieve $e Fesm! e 7 Do By
dreds or SoossosSs of miles sy, Bos, e ATSC Leflity doterss f2odte am ciz-
osits {er which R is ok £ servicing TCF.

%

Eguipment mezsoremesis can pronide egaipmer? sixtss snd, b addilice, =he-
metcn relative 0 the oversll periormy ace xssessmemts of the ATRC. Detecting Bniis
(Gegradatisn or failore) wnme ke eco.omesSs when 2 208 cocurs prerides mmed-
ate isolatics of the pridlem. Ecrezs.<g the rmumbor of perzmelers to be mezsure”
in an individee] eqmipmert covld forther (soiste the 2okt {0 elemerds of the egmip
mert. Acowesver, iis is ool cost-cilective or zecessary for efficien! techmical
cotrol 28 2 station. o most instences, restosal o service is pot depesnsient
upon immedisie repeir of the iziled egmipmert

E 1 Ewipment f2olf detection is rixmired in selected equipments to provide
3 significant technical information for cortre! of crmmunications facilities.

1 Dewa

The eguipment parameters gelected for measurement must contribate
significzatly to the detection of eguipmems farits and to the z2sses«ment of the
communications perfcrmancs of the statiop. Those equipments txt sapport
large numbers ¢f communicetions cirenits are primary targets icr monitoring
in the ATEZ fzcility. 71he status monitoring of these equipments will provide an
effective information source with minimum application of regources. These
equipments inciude widet :pd communications equipments si.ck as multiplex,
line-of-sight radic terminals, iropo radio terminals and saielilte earth station
terminals, The parameters which have been selected for measurement are those
which will provide optimum performance information.

TIPSR RSV NS

Th2 combination of circuit monitoring and !imited but significant equipment
monitoring in conjunction with correlative processing of the data obtained provides
the optimum approach to fnult detection and isolation at the system, link, circuit
and equipment leveis,

2.1.2 Selection of Parameters

The initial identification and selection of parameters to be monitored were
made by the individual study task groups. These parameters, as well as the
accompanying rationale and justification for their selection, are contained in the
following sections of this report: Section VII, Link Status and Monitoring;
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2f sacomizry 218 oherE e omsidered privmoy.  The clrasificniiogs of
SZimRaT =3 Secoriery were estrtitaihed Ur S ey teck grare, o8 Infierta
iy 12 oTismery peTeometars =ve of gresiey bopovtaee S5 memsmverneny S
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2.1.3 Joimizstics o Peramelers

The garemeia—3 Meled ix [elie H wers teviewed, 2xxiyred o emboatest
besis for evelnation was teci=icel and cosl efectivemess redztive o the obpectfve
of the ATZELC sysienm.

Tre resatast paremeleTs recammesased for moaswemere in Be ATEC
fecility are listed i» Table TL

Toe circait statns monfloring parameters are tesicelly wookarnged frie;
those of Table O, excep: for digital circuits. Xc-iransitice detecton was aduted
to boih the low and high speed digital circail parametlers to permit éetection of
service anosmslies, Sypchronization and cut-of-service distortion were 2iso
adged io the high speed digital circull parameters o permit fagit detectica azd
iaqlt isolation.

The following changes wers made to the parameters listed in Table II
in order to optimize the equipment monitoring reguirements.

a. All of the primary in-service parameters for monitoring of the HF
transmitter and receiver were retained. The secondary parameters
identified ag VT channe} input and output levels are also reguired for
fault detection and fault isolation of HF equipment/circuit problems.
The VF channel input fo the transmitter provides the last point for
observing signsal level characteristics prior to transmission,

At the HF receiver, VF channel level provides the first monitor
point for detecting received signal. The HF t{ransmitter and re-
ceiver performance assesscrs are not required for the opersztion

of the ATEC system. They would provide expedient arsistance for
the maintenance and diagnosis of the HF equipment, and are included
for consideration as maintenance equipments. The ATEC system
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opersaticael and functional requirements do not justify the need for _
these off-line assessors in view of the present trends toward in-
creased widebsnd communications requirements and decreased HF
requirements. The performance assessors have application in !
special situations, such as air/ground, ship/shore and associated ‘
maintensnce needs. '

The primary parameters (Table I} identified for monitoring of the ;
LOS-TROPO radio terminal equipment are ail required for the oper-
ation of the ATEC system. Two secondary parameters, baseband
sigral level (tranamit) and combiner performance, are required for
effective performance agseasment and fault detection. The transmit
basebard signal level measurement provides for detection of excessive
signal levels, which cause overmodulation and distortion of the trans-
mitter, The combinsr performance measiurement detects the loss of
a path in a diversity link, It also prevides the means, in conjunction
with the receive signal levei (AGC) meriguiremant, for detecting im-
proper combiner opcation.

The zatellite earth terminal parameters listed ir Table I do not
appear in Table III. The parameters ideutified (Table Tij for messure-
ment at the satellite earth verminal are commensurate with the para-
meters lientified for measurement of other equipment/link status and
performance. The present Defense Satellife Commuaication System
(DSCS) plannirg for the satellite earth termiral includes the require-
ment to monitor most, if not all, of the parameters which have been
identified. It is also intended that the information be processed at
the earth terminal for efficient ard effective control of the satellite
communications transmission equipment. Information coilected at
the earth terminal, which is pertinent to the functionai operation and
control of an ATEC faeility, should be passed to that facilitv, The
tyre of information required would be the real-time status of the
linpks vsed to support the ATELC facility trarsmission needs, Short
2nd long-term trends and pericrmance anziysis should already be
planned as part of the earin termiral processing of the status infor-
mation. I is recomicended that initially the status infiormation be
traesierred to zn ATYEC fzeility via mamnal coordinatior, employing
orderwire capabiiity, recuired betweern the ATEC facility znd the
satellite ez2rth terminal siation. When satellite commmunicatioa:
become more predominant, and tbe operationzi eoatrol 21 the earth
terminel stavion iz more firmly estzblished, the trensier of the
perninent statrs informetice shouid be zizorsted Jproceszor-10-
SroCEssery betwcen Vg T faoiiites.
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Only two of the four prima , parameters identified in Table II for
monitoring the VF carrier FDM avre required for the ATEC system,
These are receive group pilots ard major-minor slarm. The re-
ceive group signal level measurement is not required, since all

VF channel breakoute are to be measured at the user drop, and ail
through groups are to be measured on an individual channel basis
at the transmit baseband. Measurement of the system pilof tone
wculd be redundant with the measurement of the radio continuity
tone and group pilot tones. The secondary parameter of carrier
oscillator stability should be included in the major-minor alarm.

All o the TDM parameters identified for monitoring are required
for the ATEC system. The parameter entitled “synchronization"
was expanded fo two measurable parameters: framing error rate
and framing synchronization. Only framing error rate need be
measured when they are both avsilable.

The data line modem parameters are basically unchanged. The
apalog signal level parameter identified in Table I is to be measured
by cireuit status monitoring. ZLoss of carrier {(VF transmit) and Lo
transitions (DC transmit) have been estabiished for measurement
when gensors are available in the equipment. These parameters
will detect favlis in the modem eguipment and assist in fault isola-
tion. Some modems have bit error rate sensing available from the
encoding/decoding scheme usid in the modulation technigue, This

parameter should be used for circuit performance assessment when -

it is available.

The available major-minor alarma of all equipments will. be moni-
tored to provide immediate detection of equipment faults and rapid
isclation of problems.,

Link monitoring is derived from informatioa obtzined from certain
sensors, which, in most cases, are also used for the equipment
parameters being monitored. Link status includez performance
assessment of the equipments supporting the links; path information
is obtzined from collating and anzlyzing mneasurements ot certain
ecuipmeut parameters. The link status and monitoring requiremems
were, however, evalieted separately rrom ecuipment status and
monitoring (see Section VIij. During the later collaboration effort
of the shydy task groups, it was delermined trat all of the link status
infermetion coald De oizined Tom the idertified equipoent pzram-
eters. Those {29 pa—umeters the! cogld not be devived irom
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other parameter measurements and correlation technriques were
not cost-effective to implement, since link or path faults acccunt
for less than 1 percent of the total outage time due to all Jaults.

2.1.4 Parameter Measurement and Information Collection

Techniques for measurement of the various parameters (in Table III)
were investigated in detail by the appropriate individual study task groups.
These efforts and resuits are documeated in detail in Sections VIII and IX,

The methods developed therein rely primarily on sampling and scanning tech-
nigues. That is, either: (a) a sensor is dedicated to the measureraent of a
specific parameter at a particular point, and the outputs of many such similar
sensors are scanned and welayed to the processcr, or (b} a large number of
similar points requiring monitoring are scanned, and the cutput of the scanner
is provided to a single sensor; its output, in turn, is relayed to the processor.
The primary reason for employing scaniing, or sampling, as oppvosed to con- ]
tinuovs full-time monitoring of all puints is the high cost which would resuit
from the large number of monitoring devices required.

A scan [nterval of two minutes is considered optimum, and was based
upon a number of counsiderations:

a., Detect degradation of service or change in state prior to user
complaint.

: b. Detect degradations or failures and perm:t correction prior tn
. need for reporting correction within 10 minutes of time that outage
' began).

c. Estz “ish trends hy anzlyzing parameter measurements as a fune-
tion of time,

d. Employ existing statz-of-the-art hardware for scanning and monitor-
ing.

Relative to the first fwo items above, a time interval of less than 5
minutes is desirable. Such 2 time interval would also zatisfy the third consider-
ation. With respec: to available hardware and technique:s, it was determined
that for one of the largest sites (e.g., Fuchu), all of the requ. red parameters
can be monitored in a time period on the order of one mirute. The capability
for accomplishing this task in a cne-minute pericd takes iuto account the scanner
opz2ting times, the sensor Gwell time and the A/D conversioa times. Weile 2
&2 -minute time 1m2ervel is ccosidered feas'ble, it 5 cesirable to incorporzte
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some design safety factor, as well as to provide for expansion (adding more
gsensors). Hence, a two-minute interval (for scanning all sensors at a largest
site) is realistic. Relating this two-minute interval, then, to items a, b and

¢ above indicates that it is also adequate for those requirements. That is, with

a total scan cycle of two minutes, the average time to detect a service degradation
or change of state will be one minute, Hence, it is uniikely that a user com-
plaint will be received prior to fault detection. Also, adequate time will be avail-
able to correct the problem before reporting is required (based on reporting after
ten minutes of outage) and adequate measurements are obtained {at two-minute
intervalg) for trend analysis. Finally, to acccmplish scanning at a rate exceeding
the once-per-two~minutes would require additional hardware complexity and
guantity, and would provide no real gain in monitoring performance.

Where the processor is located in the general vicinity (within hardwire
transmission distance) of the sensors and scanners, the collected measurements
can be connected directly to the processor. However, when the sensors and
scanners are located remotely, transmission techniques must be employed.
This facet of data collection is covered in Section XII, Telemetry Analysis.

The remote sites recommended for the monitoring of status information
are the repeaters and HF transmitter and receiver sites connected fo, and under
the operational control of, the ATEC facility. The equipment will be monitored
at these sites, and the parameter measurements sent to the ATEC facility for
threshold detection and analysis of the data. All fault conditions, dete:ted at
the ATEC facility for equipment at a manned remote site, will be transmitted
back to the remote site for printout on a teletypewriter. Threshold detection
must be performed in the processor because the parameter measurements do
not result in go - no go indications. The measurements are actual variatiors
of the parameter values over the range of normal, degraded and failed operation
of the equipment.

2.1.4.1 Egquipment/Link Measurements

The majority of the equipment/link paramcters selected require the
design of sensors to detect the parameter variations. Design requirements are
investigated in detail in Section VIII. The sensor types required are identified
by the signals they will moniter, i.e., DC, AF (audio frequency), RF and M¥
(microwave). The sensors identified as existing (in Table I will usuzally be
available 1n some form in the equipment, but in come cases will require inter-
facing equipment. In certain cases sensing is uct feasiLle. For example, some
of the parzmet:rs identified as candidates for data mcden.s are in this category.
in thiz case, the VT signal level {loss of carrier) and no transition measurements
ac:omplished by the circuit monitoring equipment will suffice.
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Equipment/link perameters will require that some sensors be dedicated
to each point being monitored, because iow level and high fi .quency signals can-
not be cabled over any significant distance or scanned without introducing signifi-
cant attenuation or distortion.

Within the ATEC facility, all of the equipment/link parameters wiil be
scanned and the status information passed to a processor for threshold detection,
The alarm information (threshold crossings) are then analyzed and presented to
an operator. The scanning equipment must be under direct control of the pro-
cessor in order to permit complete control {i.e., stop, start, homing and repeat).

Equipment/link monitoring wili also be performed at remote sites,
which are under the operationzl control of the ATEC facility. The statug informa-
tion obtained at the remote location will be returned by telemetry, via the speech
plus service channel, to the ATEC facility for processing. All alaxin conditions
will then be returned to manned remote sites by the return transmissicp path,
and printed out on a teletypewriter. The remote scanning will alsc be under the
control of the ATEC facility processor. The circuit used to return status infor-
mation to the remote gite will also be used for the control of the scanner. The
circuit required for exchange of information between the remcte site and the pro-
cessor at the ATEC facility will normally be a full-duplex, 75 baud teletypewriter
channel.

2.1.4.2 Circuit Measurements

The in-service circuit monitoring parameters consist of two types:
(8) those that irvolve monitoring of the actual signals on the circuit ard (b) those
that involve moniforing performance alarms which are included in equipments
such as modems, TDM and ED&C equipment. The former type includes signal
level, noise level and fotal distortion measurement, The iatfer type includes
no fransgitions bit error rate or synchronization. Eoth types of parameters will
be m=asitred on a scan basis. Where equipment sensors are not available for
detection of no transitions, the equipments employed for monitoring of the actual
signal on the circuit will detect this condition.

VF transmit channel measurements will be accomplished at the multi-
plex baseband output on a continucus scar basis. These measurements will
assess the quality of the signals leaving the ATEC facility. Adverse signal
characteristics detected will be further isolated o the ATEC facility ecuipment,
or to the sigpal entering the facility, automatically by other circuil monitoring
locations upcer processor control. For example, if the circuit ie from 2 local
user, the sepnd line frem the user will be automatically selavted at both the
primary and circuit patch facilities simultanscusly by 2 monitor/test bug, arnd
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a measurement made through a scanner., If the signa! characteristics sre de-
graded at the primary patch, an operator will be advised. The user may then be
rotified of the condition. If the user signal is accertable at this point, a problem
exists in the line conditioning equipment or VF channel mulfiplex within the ATEC
fecility, and an appropriate indication will ce provided to the operator. The
measurement made at the circuit pateh wiii iurther isolate the problem to either
the line conditioning equipment or the VF channel multiplex equipment. Through
circuits, demultiplexed to the VF channel level, will also be checked as just de~
scribed. However, if the through circuit is demultiplexed only to the group or
supergroup level, the VF channel will be messured (under processcr command)
at the receive multipiex baseband (the point where the signal eaters the facility).
In this case, then, by employing copiinucus scan monitoring at the trazsmit base-
band, and making measurement un command at the receive baseband, a detected
fault can be isolated to either in-s<ation or out-of-station.

Similarly, continvous sean monitoring will be accomplished at the VF
channel and DC circuit break-outs, or drops, tc the users (outgoing channels
relative to the ATEC facility). Detection of degradation at these points will re-
sult in awtomatic selection, by the processor, of the corresponding VF channel
at the multiplex baseband. The result of the meagurement at this point will iso-
late the fault 2s being either within the ATEC facility (between uger drop and
multiplex baseband) or external to the ATEC facility. When VFCT equipment
exists at the ATEC facility, the send composite VF signals will be continually
scanned, converted back to DC signals, and each digital transmit signal scanned
and monitored for total peak distortion; thus any faalts within the VFCT equipment
will be detected. Alsc, the processor will automatically select the receive com-
posite VF signals for fault isolation wherz a fault has already been detected on the
DC circuit of the user drop {user receive line). If the ATEC facility VFC1 moni-
toring equipment is compatible wita the user VFCT equipment, the user send
lines containing VFCT composite signais can aiso be moxitored.

Circuit status information is available at automatic message swuching
and circuit switching facilities, such as those within the AUTODIN and AUTGVON.
The AUTODIN facility obtzins stetus information via program error detection
capabilities within the ;nessage switching processor. This status information
relative to the AUTODIN higtk speed dats circuits is significant. The infermation
available is appiicahle to both user circuits and trunks between A utcmatic Digital
Xesage Switching Centers {ADMSC'z) serviced by the ATEC facility. Where the
AUTODIN ADMEC is not connecied ts the ATEC facility, burt high speed daia
use s of AUTODIN are conpected, informatice can be obtaired directiy from
the -ser for ithe circuits serviced by the ATEC faciiity.
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The AUTOVON ifaciiities have an inter-switchk routirer which auto-
matically tests the trunks between AUTOVON facilities. At an ATEC facility
where the AUTOVON is a connected user, information regarding the trunk status
will assist ATED in maintaining performance status and in responding to groblems
detected by thesae AUTOVON tsots,

Y

Both the AUTODIN &nd AUTOVON switeh information will be of value
to an ATEC facility, Initially, only manuabt@:fer of this informaticn will be
yustified, to obtain a ipzasure of its true value o the ATEC operation and to
determine the reaction requirements at the ATEC facility. Ultimately, it is
anticipated that tuis information in real-time will prove valuable to the ATEC
facility, and that the required programming and interfacd.medifications of the
AUTODIN and AUTOVON facilities will be justified.

2.1.5 Information Processing . ~

All of the status (parazneter measurement) information obtained from
equipment sensers and circuit measurements must be analyzed to determine
whether the parameter reading is indicated as a normal or a degraded condition.
This covld be accompiishec by operstors, but when hundreds or even thousands
of measurements are being made every few minutes, it becomes an imprrcticable
task for humans. The information must be analyzed for detectirg predetisrmined
thresheld crossings, making trend predictions and isolating faults by correlation
with other information assoriated with the same equipment and circuits, In
agdition to the information snalysis, records must be maintained on all failures
and corrective actions performed at the TCF. This analysis and processing of
the parameter measurements is accomplished by a sofiware programmabie pro-
cessor., The funciicns to be accomplished and the means of accomplishing them
are contaired in the immediately following text and in Section IV, X and XV.

2.1.5.17 Threshold Detection

Three conditions have been defined to depict the operationai status of
the equipment/links and circuits. These status conditions are referred to by
color, for distinction, Green represents ithe normal condition where the param-
eter being m. asured is within the operatioral and/or design standard value for
the equipment or circuit. Amber represents an abnormal condition where the
parameter being measured is degreded and below ihe operational and/or design
stindard value. When the Amber condition exists, user service may not be
impaired, tut 2 continuation of degrrdation will eventually aifect user service.
F.ed represcnts an iroperative cordition where (ke parameter being measured
dicates z Zzilure of the eacipment anpd/or circuit. In this case user service




bas been interrupted or servicz has degraded to an unusable state,

Green will be undeistood in the absence of Amber and Red, and the
Green condition will not be displayed, If an cperator wants an actual parameter
measurement vaiue, it can de obtained by request v identification of the sensor
for which the reading is required. Actual parameter measurements will be
obtainable from any sensor monitoring othier than a binary condition, Normally,
the operator will take action as a result of an alarm indication, and only in
special casez will he require the actual parameter measurement, Actual measure-
ment values will most often provide assistance to maintenance personne’, and will
be available to them as required.

An Amber and a Red threshold value zre required for each parameter
to be measured. These threshold values will be maintained in processor memory,
since each measurement i compared with ar established threshold crossing value.
When a parameter measurement ivdicates that a threshold has been crossed, that
measurement is stored for further use. The threshold values, stored in the pro-
cessor, can be changed as reguired by authorized personnel. Such parameter
changes will automatically be recorded on the Master Station Log.

2.1.5.2 ‘Trend Analysis

Trend analysis will be performed for all measurements of a specific
] parameter once its value has crossed the Amber threshold. The trend is a basis
] for a prediction of when the Red threshold will be crossed. Trend predictions
will be used to establish maintenance priorities, asg well as to provide informa-
tion required for a planned maintenance period. The information developed
threugh trend analysis should be used to adjust the maintenance cycles to actual
requirements.

\ pal
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As indicated, trend predictions will be performed by the processor
analyzing the variations of the parameter level in the Amber range. A minimum
of two threshold c.ossings are required to make the trend prediction. As long
as each consecutive interirediate threshold crossing is approaching the Red
threshold, the last two intermediate thresholds can be used tc predict the time
of failure., If the trend furns and the parameter value starts to return toward
the initial Amber threshold value, a failure prediction cannot he made by using
the last two thresholds. in the latter case the Amber threshold may be used as
a reference point, so precictions car be made when the trend is ar improvement.
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2.1.5.3 Status Correlation and Anslysis

Status correlaticn and analysis is the processor function which associ-
atea interacting sensor data to logically assess circuit, eguipment and link
problems in terms most useful ard significant to the cperatora. In its simplest
form, it is effected, as described earlier, in circuit fault lccation through cor-
rejation of measurements taken at various equipment appearances throughout
the station, to determine whether a fault is located in the station, and if so in
what equipment area. Fundamentally, a number of requirements have emanated
from the combined equipment, link, circuit and system performsance studies.

A few of the more important requirements justifying the need for correlation
and analysis of status information are:

e Reduction of operator confusion and fatigue

o 'mmediate availability of information delineating the extent of the
outage; e.g., quantity, types of circuits affected by the failure, etc.

o Restoration priorities

¢ Retrieval capability of circuit and equipment information for subse-
quent restoral action

Examples of status correlation and analysis include recognition of the
effect of group failures in terms of circuit alarms (downward correlation) and
recognition of groups of circuit alarma (upward correlation) in terms of group
equipment or link failures. In the more complicated problems, the importance
o1 processor correlation is exemplified by the fact that the operators must, in

each case, be provided alarm information at the cause rather than the symptom
level.

While the larger acale covrelative actions may be programmed in a
modular fashion, the specifics for a given siat.on will, o a large extent, be
dependent uper the equipment configuration of & given station and the feliure and
degradation modes of that configuration.

Examples ¢f corrsiative processing modules are those necessarv to:

a. £valuate circuif ana chammel 1 'lares in the event of LOS, tropo
or HF link propagation problcms.

b. Ewaluate circujt and channel faliures ir. the event of LCS or tropo
link equipment problems.




¢. Evaluate circuit and channel failures in the event of supergroup or
group multiplex equipment problems.

2,

Evaluate groups of chernel or circuit problems in terms of group
equipments which could be causative.

1t should be noted that a, b and ¢ produce somewhat similar symptoms
of circuit and channel problemsa. One of the functions of the correlative processing
will be not only to suppress the resultant circuit alarms, but to provide the operator
with the correct cause of the overall problem.

From the foregoing, it can be seen that the processor must provide, to
the operator, indicatioas of problems in 2 known hierarchy. Circuit and channel
problems constifute the basic level of precedence. The next higher level will be
that of link problems. An indication of a link problem will be preseated to the
ATEC operator, by the processor, and will be follecwed by the circuits that will
be, or are being, affected by the link problem. The highest level of indication
will be that of equipment problems. Equipment problems may or may not
affect link performance, depending upon just what equipment has failed or
degraded in performance, but in most cases it will affect circuits. Therefore,
the hierarchical precedence will have equipment failures or degraded performance
4 indicated, by the processor, when they occur followed by link affected (if any)
and circuits affected. An indication of link failure or performaace degradation g

(without an equipment indication), such as noted above for link propagation
problems, will be presented to the operator, by the procsascr, followed by the
associated circuits that may be, or will be, affected. 71 e operator can then
concentrate on link restoratipn and any necessary rerouting that may be required,
without concern for equipment substitution. The Amber or Red indication of

; cirpuit perfornance will be sunnressed when there iz an assoeciated indication
of equipment and/or link failure or degraded perforniance. The association

; between circuits, links and equipment must therefore be known, at all times,

! to the processor in order to present the point of the problem rather than the

symptom.
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2.2 Restoral and Rerouting
2.2,1 General

The restoration and rercuting functions are 2 natural continustion of te
monitcring and testing functions described earlier. That is, the actions of restoring
and rerouting generally result /rora detection of a degradation or fzilure by the
monitoring and teating functions.

Accomplishment of restoral and rerouting is the resuit of the perioricerce
of numerous individual decisions and actions in an orderly sequence. Although this
sequence may vary, depending upon the actual circumstances, it gentrzily rclodes
“he majority of the following items performed in approximately the orier ingicated:

2. Recognition of degradstica or failure ana of need or desire to rerouts

b. Validation of degradation or failuie

c. Coordination relative to degradation or faiiure

d. Determination of capability for resteral or reroute

2. Accomplishment of restoral or reroute

f. Diagnosis of fauli {1zcalization and isclatior)

g. Repair of failed or degraded "uwidt" -

n, Verificction of acceptability of repaired umit

i, Return to original configuration if reguired

Rerouting may algo be accomplished for other purposes, such zs (g fresing
a channel {rom service to permit out-of-service esting, (b) obtaiving improred

performance or another category of service on 2 tempory besis, azd (©) exehiis=ing
cn-cail or temporary circuits.

The ATEC system will provide an improved capability {or ide reszoral of
degradedor failed service., Where the degacdation is in-statior and is cz.sef t
driit in some characieristic of an equipmert, such as the gain of an awepliiier,
will be possible, becaw.e of the trend analyzis capability, to idemsify znd 1c =
readjustment on an in-service basis without interrimting traffic. When serm oz =
be interruptad for restoration, ATEC will mgke recommendaiions regarding the
use of spares or ureemption of equipment normally providing 2 lower sricrsy sermnte.
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Changes in interconnections wiil be facilitzted by the uze of 2 2o ated sumoe oy
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facilities within the ATEC fzeility, Four ivpes & pzicking — U be sronnded:
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¢ Group

e Circuit (i.e., equal levely
¢ DC

s Primary

After completion of restoral or rerouting, monitoring and testing will again
be resumed in order to veri{y the restoral or reroute.

The generail location of the fault, i.e., within the confines of the ATEC
facility's jurisdiction or external to it, may be obvious or it may be obscure. It is
the intent of the ATEC facility design to minimize this obscurity. Upon localization
of the fault, restoral action must be initiated. However, such action can be under-
taken by the ATEC facility operator only for cases where the fault is not of an
exteinal nature; otherwise, it is cnly logged and turned over to the appropriate
facility,

Restoral action will generally consist on one of the following:

a. Substitute spare
b. Reroute

c. Preempt

d, Chance RE frenunncy

- ~as Y =va AT

e. Align or adjust
f. Condition or recondition

g. Repair

Only e. (Align or adjust) can be accomplished without service interruption.
In gen~ral, the first four types of restoral action will normally be accomplished in
accordance with certain pre-plans or SOP's, That is, certain spare channels and
certain spure equipments are ncrmally designated as spares for certain other
operational channels and equipmonts (on a priority basis). Likewise, certain
designated reroutes and preemts wili be permissible, and certain designated HF
frequencies will be available a.: alternates on a scheduled basis. All of the informa-
tion regarding these specifics 1aust be available in stored form for presentation
{display) to the operator.

The approach, then, to accommeodating the restoral and reroute functions
within the ATEC facility is to provide status monitoring pusitions equipped with the
"tools' required tofacilitate these functions. A CRT display will provide access to
preplanned restoral information and to information indicating usage or availability,
as well as status of restoral facilities. In fact, even step-by-step procedures can be
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displayed. As a separate entity, the required pziching (ma=ual) or switching (auto-
mated) must be provided, and must be controllable by console orerators.

2.2,1.1 Automated Patching

Restoral actions which involve substituion of spare equipments or
reroutirg via spare channels or via preempting in-use channels of lower priority
require the employment of patching and/or switching. Aiso, establishing on-call
patches or emergency circuits, as well as rerouting for purposes other than restoral,
require patching and/or switching., Referring to Figure 2, sheet 1, of Section IV,
patching is generally provided at the points indicated. A primary consideration of
ATEC was to automate this patching function or to implement semiautomatic
(manually controiled) cordless patching. The advantages to be gained by such an
approach include speed (reduction inpatching time), accuracy (reductio:n in human
errorj, improved performance (use of sealed switch contactz vs. exposed patch jack
contacts, subject to contamination), and more efficient operation (fewer personnel
required and more centralized operation}. Still another advantage is the capability
for automated record keeping of patching status. This advantage is inherent in a
processor~controlled switching system.

2,2,1,2 Manual Patching

The aut . sated patching concepts considered above were found to be quite
costly (equipment and space). An effective approuach to automated patching must
employ oniy a limited amount of switching, and must include manual patching to
obtain the required flexibility and provide for total capacity. In addition, manual
patching raust be provided to afford emergency manual back~-up in the event of
failure of the automated switching.

The major shortcoming of the conventional manual patch panel has been
its contribution to the degradation of circuit quality. That is, the many contacts
(normal-through connections) that are present in a long-haul circuit become dirty,
corroded or contaminated, and offer a large number of contact resistances, each
serving as a separate noise generator. All of these noise generators, effectively
connected in series, can contribute significantly to the total noise on a circuit. The
solution to this problem is to provide patch panels with normal- through contacts
seiled in a controlled atmosphere, i.e., sealed reed relay units. To satisfy this
rejuirement, it is recommended that all existing patch panels be replaced with new
patch panels that do not have any exposed or unprotected contacts within the com-
munications signal path.

It is also recommended that these patch panels be designed so that auto-
mated pa.ching can be added at any future data (see paragraph 3.2 of Section IV for
additional detailes). This design should permit the connection of switching to the
jack sets on an individual circuit basis (allowing selection of specific circuits to be
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providesl with switching), and should not interrupi or otherwise affect the circuits

so connected. In line with this approach, it is recommended that an indicator 1z up
be associated with each jack set to provide an indication when that particular appear-
ance is switched/patched. Such indicators are required for two reasons; first, they
provide an indication to any operator that the appearance in question is infact
switched, thereby precluding attempted manual patching of that appearance; second,
they provide a quick visual indication of the abrormal circuits, or switching,
currently in effect. The latter use provides a "picture' of patching status.

Also in concert with the above approach is a requirement for patch cord
scanning. That is, where a patci has been manually accomplished (via patch cord),
it is necessary that the ATEC processor be made aware thal such a patch 2 :tually
exists. This information (identity of required patch) will be keyed into the processor
by the operator accomplishing restoration via switching/patching. The processor
must then scan the jack set toensure that no patch already exi' ts at thai appearance,
and must eventually verify (via repeated scanning) that the manual patch was installed,
and that it was installed as directed. Hence, manual patching operator ervors will
be detected. A similar function must be provided for patches that were accomplished
via swifching action under processor control, However, Lere the instruction will
be keyed into the processor and, upon switching verification, will be recorded until
the patch is removed by another switching action. It should be noted that a specific
requirement of the switching subsystem is a verifification signal from the switch that
th~addressed connection has actually been accomplished. The combination of
processor record keeping and patch cord scanning will provide the above required
capabilities; it will also provide the capability of reading out the real-time patching
status to both the CRT display and the page printer, upon operator request.

2.3 Quality Control

Another function in the ATEC system will be quality control. This function
will perform frequentquality checks on spare channels, circuits, links and equipment
to confirm their availability for substitute use. It will algo, on a regularly scheduled
basis, perform detailed out-of-service tests on each active channel. eizcuit, link
and equipment. The function will also perform acceptance testing of new and
repaired equipment, and also of circuits ready for activation, prior to their incor-
poration into the active communication system,

The quality control function involves the performance of tests in an orderly
manner and in accordance with some schedule or some niore immediate need, e.g.,
in support of status monitoring relative to izolation of a particular fault., With the
aid of test procedures and test equipments, the quality control function must perform
the following set of actions: (a) access of the circuit or equipment to be tested and
connection of the test equipment as required, (b) performance of measurements in
accordance with the test procedure, (c) nrderly collection of results of these
measurements, (d) association, analysis and evaluation of these results, (e)
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presgentation of results, (f) acquisition of additional relevent data, if required, (g)
decisions based upon these results and data, and {i} initiation of action as a result
of these decisiong. T.ems (c) through (h) are found to be identical with items {c
through (h) for Fault Detection and Isolation (subparagraph 2.1}, Hence, these two
areas (fault detection and quality control) are similar with respect to the action
required and capability provided.
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2.4 Record Keeplng "= Reporting

The ATEC will provide automzution for record keeping and reporting. Each
significant event in an ATEC facility w'll L2 reccrded in an activities lor s 2
chro.aological printout, and will be entered itto a magnetic tape unit to form a
hiztc.rical record which can be used for subs. uent analysis. Information relating
to an event may enter the dat. processor as a sult of routine monitoring of circuits,
equipments and links through automated fault ig~). " sn, or by manual entry by an
ATEC facility centroller. The historical data can .. extracted by the controller
for on-site analysis of recent (such as same day) problems and trends; mainly,

however, the magnetic tape reels will be forwarded to a central location for detziled 3
analysis by an off-line data processor. 3

- e

The ATEC facility processor will use the status data which is constantly being 3
entered into it to compose automatically as much as possible of the formatted portions
of reports to O&M agency and DCA Operations Control Complex (DOCC) elements :
immediately superior to the ATEC facility. Just prior o the scheduled transmission
time for either type of report, the processor will present the report on a CRT for
review, editing, revision and entry of data which is not available in the processing
subsystem. Upon release by the operator, the report will be automatically trans-
mitted from the ATEC facility. These reports wi!l contain information on any
other sites for which the ATEC facility has reporting responsibility, derived from
inputs supplied by these other sites.

The ATEC facility processor will maintain, in its dynamic data base, informa -
tion of the type which is normally recorded manually into various records and 4

forms by Technical Controllers. The forms of particular interest, as listed in
Volume 2, Chapter 11, of DCAC 310-70-1 are: g %

e Trouble and Restoration Record (DD Form 1443)

e Analysis of Channel Operatior Form (DD Form 1440)

e  Wideband Outage Record (DD Torm 1698)

3
o Technical Control Communica ions Work Order (DD Form 1445) g
e Record of Frequency Changet (DD Form 1444) f
3

e Conference Record (02 Form 1442) )‘ a1
e Trunk Channelization Necord (+™ t °"m 1699
o Master Clock Log (DD Form 1700) {
417 g

N ey e ¥

s ..
—




By extracting pertinent ‘nformation frem the cdata base, the processor can
produce 2 printout of the equivalent {{f not an exact duglicate) of -y of these forms,
either on schedule or on operator request.

Record keeping is a basic function required to be performed in .ny separate
operaticnal entity where personnel, equipments or services are involved. Records
of activities, indications of personnel and equipment performance, and the services
provided #re reguired by supervisors as well as higher-ievel management. These
reccros consist chiefly of the basic information used in the performance of functions
and tasks necessary to the mission; they are not items of information that must be =S
purposefully obtained by perconnei for reports only. The generation of formal
reports is merely the compilation of sfatic data base and dynamic status information .
which has been previously store. in the processing subsystem, and an automatic -
request and acceptance of information “-om a Central Control position for items
not available in storage.

2.4.1 Record Ileeping

Recerd keeping in a Technical Control facility of the DCS is a basic function “
which is considered mandatory. The record information concers: (a) dynamic
communication configurations, (b) cuirent status of equipments and communicaticns B
service, (c) communicaiion performance ac related to immediata frends, (d) possible
actions to include preplanned reroutes, and (¢} related corrective action and support
information. This hasic information is necessary to the Technical Control operator ?.
in order to make the appropriate decisions. In the ATEC facitity, it is the intent
to automate record keeping furctions. It m-ist be realized that the recc.d keeping
functicn for an ATEC factlity cannot be completely automated so long ass humans
are Involved in the monitoring evaluations and in the actions to be taken. Technical
Contro! ope .itors will be required to provide supplemental information and changes,
and in some c2sea originate complete records.

The record keeping function of an ATEC facility concerns the following major
categories of informat.on, with possible breakdowns for processing purposes as
indicated:

e Static Data Base

Confipuration listings with identifications (DCS Directory and similar
non- DCS li-tings) for:

- User circuits (seginent-by~-segment, through facilitites, end-to-end,
send aad receive)

- Preplanned reroutes (segment-by-segment, through facilities, end-
to-end, eend and receive)
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- Through circuits (segment-by-segment, through facilities f,r: local
station responsibility, region, area or end-to-end, as appropriate)

- Trunks (send and receive)
Channels (send and receive)

- Links (send and receive)
Supergroups (send and receive)
Groups {send and receive)
Channels (send and receive)

- Stations (connectivity)*

- Ecuipments (connectivity)*

Detailed technical information on each circuit (equipment type, bandwidth,
conditioning, standard or normal noise and signal levels and phase delay)

Dynamic Data Base

Identifications plus dynamic status postings and other transactions to
include loading, maintenance condition, etc., of:

- Communications (DCS and non-DCS identifications)
User circuits {direct responsibility)

Sensor #1 (parameter identification and value rarges for
Green, Amber, and Red conditions)

Sensor #2, etc.
Through circuits

Sensor #1 (parameter identification and value ranges for Green,
Amber and Red conditions)

NOTE: Connectivity dafa will also be dynamic in the sense that it will change on

a temporary basis as a result of paiching and switching actions.
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Sensor #2, ete.

Trunks
Channels
Sensors
Links
Supergroups
Senscrs
Groups
Sensors
Channels
Sensors
-~ Equipments (nomenclature)

Sensor #1 (pzrameter identification and value ranges for Green,
Amber and Red conditions)

Sensor #2, ete.
- Connectivity
Unplarned rerouted (configuration used) listings
In addition to the static and dynamic data hase information involved in record

keeping by the processing subsystem, some printouts will include items of infor-
mation preeently maintained manually by Technical Control personnel on designated
luzs and forms. These logs and forms are described in Volume 2, Chapter 11, of
DCAC 310-70-1. The presently used manual logs and forms as required by
DCAC 310-70-1 are:

e Master Station Log

e Trouble and Restoration Record (DD form 1443)
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e Analysis of Channe: Operation Form (DD Form 1440)

e Wideband Outage Record (DD Form 1698)

o Technical Control Communications Work Crder (DD Form 1445)
e Record of Freguency Changes (DD Form 1444)

e Conference Record (DD Form 1442)

o Circuit Data (DD Form 1441}

» Trunk Layout Record (TLR)(DCA Form 155)

e Circuit Layout Record (CLR)(DCA Form 139)

¢ Trunk Channelization Record (DD Form 1699)

e Master Clock Log (DD Form 1700)

Much of the same information as presently maintained manually on the
above-listed logs and forms will be included in the data base of the nrocessing
subsystem. Communication status and related semiautomatic Techiical Control
actions are to be posted (in most cases autematically, and in other cases
semiautomatically) against identifications of communications and equipments
in the data base of the processing subsystem. Therefore, the equivalent
information of the Trouble and Restoration Record (DD Form 1443) will be kept
internal to the processing subsystem for "open' events. As a result, the
Trouble and Restoration Record (DD Form 1443) equivalent can be printed out
automatically when each outage event is '"closed", or partial displaye/printouts
of this record can be made upon request of the operator prior to ""close-out’ of

reportable and nonreportable events. These printouts of the Trouble and Restora-
tion Record (DD Form 1443) equivalent can be used by Technical Control personnel
to make up a file of events for the station, for each radio day, for manual analysis
purpcees. If the equivalent of the Analysis of Charnel Operation Form (I'D Form

1440) is required of the processing subsystem, it must maintain a cumuiative
record of all outages, reasons for cutages, and related actions taken for a 24
hour period of time.

The Wideband Outage Record (DD Form 1698) may be used in lieu of the

Trouble and Restoration Record at wideband locations. For record keeping
purposes no distinction is made herein.

51

Y s

L2 ]

[T VP R e [EEWSE

EFN

ek ey

A e e




Any form equivalents initially produced by the processing subsystem
which require operator inputs are to be d.splayed on the CRT at the appropriate
opera*ing position. ‘The oufputs of these forms will be queued in relative priority
with ot®er information for the operator's attention. The operator at that position
can then enter information into the form and re-enter the complete or partial
information, as appropriate, into the processing subsystem for printout of the
completed form.

Activities log= w'll have to be mairtained at each Technical Control
operating position. The activities log for the Central Contrel position will be
termed the Masler Station Log. 1t i expected that the Master Station Log wiil
contain the significant items of information also contained in each of the other
operating positions' logs, as well a3z other entries made by the Ceniral Technical
Controlier. Entries into the activities logs, including the Master Station Log.
wiil be made by the processing subsystem and by the individual operators. Entries
made manually by operators are to be simultaneously entered into the processing
subsystem as well as into the activities logs. In this way the processing subsystem
car. update the Master Station Log.

The Techuical Control Communications Work Order (DD Form 1445)
equivalent is to be initiated by the processing subsystem each time a fault is
automatically isoiated to equipments at the central station or remote sites under the
central statien's responsibility. The operatcr can initiate the display of this
form's equivalent for conditions known to the operator through testing, or other
meane, and not isolated as a result of the automatic mornitoring function in the
processing subsystem. After display, he can enter the required information via
his CRT associated keyboard. He can also enter information into the form when it
is initiated by the processing subsystem. This display/printout of the form is for
use in notifying maintenance personnel of failure of substandard operation of
equipment. It also provides a record of equipment status for the Technical
Controller. Completion of the form requires information from maintenance
personnel; such information must be entered into the form manually, and, if it
reflects the status of communications, it must also be entered into the processing
subsystem for posting.

The Record of Frequency Changes (DD Form 1444) can be automatically
produced by the processing subsystem from postings of frequency changes
against trunk/link identifications in the data base. For this purpose, it is
desirable that communication entities which require frequency changes in their
operation be grouped in the data base, or otherwise associated. Entries of status
regarding frequencies in use and frequency changes must be manually made.
Therefore, the diaplay of this form on the CRT at the operating position for a
particular communication entity can be ordered by the operator. He then enters
the appropriate frequency change information, primary and secondary frequencies
in use, ete., into the form for status update and/or for printout of the completed
form.




The Conference Record (DD Form 1442) is normaily used by Technical
Control operators to provide a record of all na-c4ll patches, radiotelephone
counference and teletypewriter corferences. In the ATEC facility, the operator
can “"instriuct”” wne processing subsyaite - to display this olank form or the position
CRT when he nas a need for iv. Upou preseutation of the form on the CRT (same
arrangement as DD Form 1442), the operator can euter the appropriate initial
information and further "instruct" the processing subsystem to store it for later
retrieval. This infocrmation is used by thte processing subsystem for activities
log entries. Upon completion of the on~call pateh or conference, the operator
can recall this form partially completed, for total compietion and printcout as
required.

The Circuit Data (DD Form 144l), the Trunk Layout Recerd (DCA Form 155
and the Circuit Layout Record (DCA Form 129) can be stored in slide form,
recalled, and viewed by operators at the static reference focility assoclated with
operating positions. This facility ie totally controlled by the operator, and ass
no direct connection with the processing subsystem. The static refersnce
facility produces a projection of information from: photographic slides.

The Trunk Channelization Record (DD Form 1699) informsation will be
stored in the processing subsystem as part of the static data base. Thiz informa-
tion 2an be ordered in a presentation on the CBT or in a prinfont Ly operators.
Similar information may be included in the stafie data base rslsiive to assigned
frequencies for paths of the trunks and iinkz for the station. Howeve:, such
information for the station mayv be congidered as classified. Thereicre, the
frequencies authorized may ~ave to be stored in the processing . 3ystem and
in coded form. Iif storsd in (k¢ processing subsystem, such i+ matlon can bs
recalled by the operator for his needs.

A record of clock accuracies can be maintained by the processing subsystem
when automatic controls to such clociks are provided. The Master Clock Log
DD Form 1700) is currently usad at those TCF's that are respongible for main-
taining the accuracy of the ..z2ster or station clocks. The form is pormally
maintained manually. Completion of DD Form 1700 includes: (a} date-time
checked, (b) seconds fasiv-seconds slow, (c) corrected, yes or no, and (d)
operator's initials.

2.4.2 Reporting

The semiautomatic generation of furmal repovts as required in conjunction
with the Central Control position i8 4 role of the processing subsystem. It is
feasible to satisiy the formal reporting requirements in future ATEC facilities
without significaat additional burdens on the processing suhsystera. The generation
of formal reports is merely the compilation of statle data base and status information
previously stored, and automatic request and acceptance of information from the
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Central Control rositicn for items not available in storage. Consideration of the
reporting requirements, however, is required in tne design of the processing
programmed software so that it can accommodate and perform the required
reporting In the most effective manner in conaideration of the processing functions
as a whole.

A semisutomatic reporting capabllity is to be provided for reports required
by DCAC 310-55-1 and AFCSR 100-17 (D&M organization requirements). This re-
porting capability will permit changes, additions and deletions by the Central
Controller, and approval/release pr 1 tzansmission of the report to the local
0&M Management Center (or elsewhere). The initial generation of a report
includes display of the report information on a CRT at the Central Conirol position
for modification and release as necessary.

As an element of a DCS siation, the ATEC facility must be responsive
to the needs of the DOCC, These needs will reach the ATEC facility as Circuit
Engineering Orders (CEO's) or ags ODM's. Upon completion of the required action,
the ATEC facility wili notify the DOCC element of such completion or of the
inability to fulfill the requirement. Furthermore, the ATEC facility must submit
near-real-time and periodic status reports concerning transmission iinks, sujer-
groups, groups, channels and circuits. These reports {ODR’'s) are prepared in
accordance with DCAC 310~55-1. It is recommended that the ATEC faciiity report
on 21l DCS stations within its zone of responsibility.

The ATEC facllity bears a similar relationship to its O&M agency in
that it receives instructicns and requests for information irom the appropriate 0&f
element and submits reports to the G&M element. It also reguests assistance of
either DOCC or O&M element, as appropriate.

At present, the reporting requiremeants of the three military departments
are similar, but not identical. Hence, a diffe.ent report preparation routine wiil
be needed :n each ATEC facility, depending on the O&3f agency. It will be aévan-~
tageous in t=e ATEC syatem If a single reporting doctrine is used by all three
O&M agencies. Not only can oze program routine suifice at all ATEC facilities,
but each ATEC facility can prepare a single, consolidated report for all stations
in its zone and forward this repoit to all G&X igencies represented in the zone.
This will reduce the reporting load on the v.anuzl sites by having the ATEC data
proceseor handle much of the effurt.

As s further step towarc reduction of the reporting loaé znd standardization
of reporting, i is recommended that one report servirg the needs of the DOCC and
the O&M agenciee be prepared and submitted to ali elenzents. Tais repart can re-
tain the format specified by DCAC 310-35-1 and can satisfr the needs of O&M
agencies through the use >f narrative texs permitted by DCAC 3i6-53-1. A singls
formst should be used to mest evervone's requirements tc ottzin ever grester
standardizatior.




3. INTERREJ.ATIONSHIPS CF ATEC

7. i visuaiized that the incorporation of the ATEC into the DCS will be limited
by eccaom!ic considerstions to only a portion of the DTS stations. In this case
the lcgical cholces for implementation are these TCF'e which lie at major points
where there are intersections of three or more major links iz which the main line
route of commuelication within the retwork are carried. By viriue of the ability
of the ATEC to "see” prublems in i large portion of the network surroand if,
significant assistarce in fzuit dete: ti~n caxs bte provided to mznnz! TCF'c in 2 iarge
geograp'dcai regicii. which can materially reGuce oatages snd improve user service.
Thie "visibility region” of ATEC {acilities should be 2djoining so t&=2t coordinetion
on fault detection between ATEC’s will keve no blind opot-.
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The ATEC will be of bereiit to its entire "zrea" in forciiozs other thee fzgl
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3. By scrving as 2 dztz collection point for ihe regice 2rc by sxploitirg #s
reporiirg cepebilities, serving 2= the DLS reporiing siztior o the region.

b. By serving as thke cerzral epordirzsing stztisc for z regioc I resolvizg
icfer-region prodleres with adjecezt ATEC"s.
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3.1.2 Izteriaces With Xanue! 107 's

wle

Tha ATEC 22ty = .1 coordinzte with TCF's in circalt ectivation, descti-
vaiicn epd resrrangemsat. in testing 2w slignment; spd ip rectorzls. 1t will call for
aseiotunce g il ofaz pesistance, 25 reqmired.

As a 0TS roporiing atsfion, the ATEC Zecility will receive stziuzs reporis
frem ihe TTT s In i38 2002 for oolesion in fhe reporis to the DOCC element.

3.

.3 Imterizces Witk Rewch Radl, Termiezis
The RATEC I2cfesty will e zesooezibie for techolos! directine of scaivies
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The ATEC facility wiil have %o work closely with the PTF's at user
iocations for the isalztion of preblems on fie user loop ang in the user terminal.
it will also need the cocperation of the user in end-to-end testing of the entire
clircuit or of the user loop. In some cases loopback is needed at the user site,
and in other cases, at the ATEC fzcility.

itt termipul-type us2rs and mererl swilbtoards, zutomatic transfers of
icformeation to the ATEC facility may not Te feasible or warranted economically.
In these ceses merua; communieztion Is cailed for sad will be perfectly adequate.
Thez oser will call in oroblems to the ATEC fzcility and, in furn, it will notify the
aser of zoyv &Gificulties & ks ancoveres.

3.1.8 Izferizees Witk DOTC 2n8 OLM Ageacy

As zn elemes? of 2 DTS station, the ATEC facility mast be responsible to
the peede of the TOOC. These needs will reoch the ATEC facility 25 Circuit
Srgizeerivg Orcers {CE0's) or 2s ODW's. Upon completion of the recaired action,

e 2T=C fzcility wii} oclils e DGCC elemet of such compietion or of the imability
=201 the recTireme=t. Furntisrmors, fHe ATEC fzciiity mast sobmit rnesr-real-
=2 zod periodic sizhes repceis SoocerDing trzusmission ligs, svoergronps,
gooene, ciaameds zzd cirecits. These reports PDR's) are prepered in accordarce
wiRE DCAC 3I0-2-L  As sizted exviier, it is recommendes thet the ATZC feeility

Y
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The ATEC f2ciifly berrs s similer relztiomehin ip 5 0L 2gency, in that
8 repaives ntracHere =4 regrestz for informetics Irom the zpproprizte O£
gizzmeet 238 suihetts reposis o the Q&Y elxmemt. B alss regresis zssisdance of




P RN TSI SO

e

VR DA e AT W Y

Vamy A

ol te Al

ey

e e

LY SR (o MR 2 IR R P TR

MR

r"‘( 2

SECTION IV

ATEC FACILITY DEVELOPMENT AND DES{GN

1. DESCRIPTION OF ATEC FACILITY

The foliowing paragraphs present an overall description of the recommended ATEC
tacflity and of its associated remote radio terminal gsitus and repeater sites. This
description shows the relationship existing hetween the communications system

elements and the ATEC system elements, and between ATEC system elements, at
the DCS station,

1.1 Communications Flements

Sheet 1 of Figure 2 shows the communications elements which are typically
found in 2n ATEC facility except for the items In heavy outlines, which denote
ATEC elements. Included in the category of commaunications elements are;

a. Tropospheric scatter terminals

b. Microwave line-of-sight terminals

c. Land line cables to HF radio sites and users

d. Freguency division multiplex (FDM)

e, Time division miliiplex {TDM)

i. Line conditioning equipment for VF channels

g. VFPCT's

h. Radio telephone termipals

i, Data modems for digitai signals
While the diagram shows that for TDM the composite digital signa!l may be trans-

_ferred into and out of the AT EC facility via a group modem or a carrier cable, it is

also possible to use supergroup modems - to transmit the high data rate over s
separate microwave link, ag to 5 satellite earth terminal.
1.2 Paiching

The principal ATEC elements snpown on Sheet 1 of Figure 2 are the ATEC patch-
ing elements enciosed in the heavy outlines. It is recommendzd that the following new

patch bays be provided:
53
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a. Por VF circuits, the customary three patch beys (VF, circuit or equal level,
and cable) will be replaced by twopew bays {circuit 2nd primary). The bew
beys will coatain jacks to egaip 24 full-dupiex circuiis in one panel across
the width of 2 13-inch rack, ax will ase sealed reed relays in place of
exposed-contzct normal-trrough cornections te elimiraie contact neise.
Tohese beys will also contzim semizatomatically controlled test and monitor
tro s to the operating comsoles to permit access to imdividual circuits or
chinrels oo 2 termipzting or high-impedr e bridging besis. One of the
test tre2s in the circamit rick wil permit the insertion of 2 1000 Hz
stardzrd test toee info many circuaits or charmels simaltzreously. This new
petching 2rreosemenz wiil regrire ther 2ll line (owliticaing equipmerts
(sucE 2s ST units, amplifiers, cqualirers, ecko suppressors, hybrids, acd

sigze oy corverters) be grooped tetween the civeuit zrd grimary metches.

B. For IC ciremits, 2 new DC petch bey will pe :f:ed Thz frzmres of &
DC pateh wiil be similzr tn those ol e circmz and primary patck, ard will
irpince Fox gecerzior dl.r-ibciion hases.

¢. FTor gromp miching, 2 DEw Zroup peich oy wiil te instziled, Fhick will (s
25cme’ zieo incorpoTzte reed relays in plece of exposed cormai-thovreh
ooctzois. Bectmse of e Mgher frecmencies aopesring in the peich tey 2o
the grezter risk of degrading the zroe sigaels, o t2st or mowitoring
Tomks 1o epesaxing comseles are orovided, R2ods WO Be msed imsiesd,

. For smergras; 2] beseleed petoking, B iz recommezoded tSel 0o oiprges

-mtecz_:x. of e reiziive ixfreguency of Sack peicking.

b

5y
l

e Ezzp of the loor ipes of peich Tays Sescrited zbove cotRins Zm ESercorTmec?
hmni. 273 coeEroller, WHCE :?-.sv...... szweral fooctices. Fisse, 2 orovides
=z 2978 scemming Emetion 'y verify e 2 peick cord hes beec nserted o or
remored frore the procer oepr of -.%':z:r—mi;z:&zng_.ec. This
w--mwe.*cz&.v':o'a:za.»% . Seomd, & provides for
cormenting 2re disoormectior of the momitor zod test toses ooder processor
e 5. "‘_:::, e re is the ocamectiic 226 discormertion of the swics
=2ITix o 2zl o the ooims bebp swiiched, zod the zssockeied cpEmizg
zad closzg, respectively. of e dormmzt throngh reley e

= xEne W Se imprsreS, =oTe versztite pelck tEws, several Swilck mEivices

zre el W permx ke ose of zmicrmaled poteding m lkec of ¢ zEitlilg. Thise
mEIATiCES EIe SEOWZ, oo exdk for gramm swikciing, oorodl 4 M—‘mn'v*.s:iz

== OC (ow-tenet) sviciioy. Coperznoor of 12e crtesportes e orivioss e mder
e ool of Be SelE oTiCeEssT T remponse 0 mrmmelly emered matToctioms. Hoes
2 mzimx-swEiiches coeoectize S estEiiished, ittt zmoe 2 e mr:'ax-':::..g

sashs oz e ek e zre omimeted it orestzl imafverterm msereor of ¢ oomick oot
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The switchipg matrix is designed to provide a limited aumber of simultaneous
connectiors ip order o mipimize size and cost. The limit is on the order of 10 to
13 percent i the total number of normail through connections. Onece the capacity of
the matrix is exceeded (which should happen irnfrequently), overflow can be handled
by manual patching. Manual patching also provides backup in the event of matrix
inoperability.

The primary patch is intended to be used fcc substitution of line conditioning
equipment. Since the frequency of failnre of such eguipment is quiie low, it is
recommerded that eqripment substitution be performed by manual patching at the
primary paich. Accordingly, no primary switch matrix is furnighed for autonated
equipment substituticn,

1.3 Eguipment ard Link Seasors

On Sheet 2 ¢” Figure 2, circled pumbers 5 through 16 indicate the connections
of eguipment and ;ink sensors to correspondingly numbered points on Sheet 1. These
sensors measare e:ther sigial characteristics or equipment performance character-
istics, and develop DT voltage ouipets in z standard range. The output of each
sensor is sampled by 2 sepsor scanmer approximately once in two minutes, and is
oozverted to 2 8-hif digital ccde by an analog-to-digital (A/Dj converter for transfer
to the datz processor. Four different types of sersors are used, covering DC, AF,
R¥, a2nd Y8 rznges of sepse€ perameters.

Additional inpxts to the processos are derived from equipment and link sensors
2t remcte radio terminzls and repeaters, 2nd are transferred o the ATEC facility
vi2 either ike telemetry subsystem or the {ransmission facility interface. Later
discessions of Sheet 3 of Tigure 2 will provide additional details.

1. %4 DC Zircmit Moniloring 2nd Faaitl Isciation

The cutgoing sign=l to each user DC receive lire is sampled about once every
two mimtes, and is arzlyzed for distortior and loss of transitions by an automatic
digital circait arzlyzer. The result of this analysis is passed on to the data
processor.

A secad form of DC circuit performance assessment is performed by a VFCT
1ooe scarmer and remote coatrelied distortion 2nalyzer, The scanner accesses the
3T transmit octpet of eech VECT, selects 2 tepe channel and demodulates it to DT,
=nd then meascres distortion apd Getects loss of transitivns. Afier each tone channel
ir 2 VF chaonet has been amzlvzed, ansther VEFCT VF output channel is selected.
Severz! tone charmels may be analyzed simaltapeously in order toc maintain a scan
cle of zpproximately tw0 minntes for each DC circuit. The characteristics of the
TCT tome scenner must match those of the VFCT's used, in terms of tone frequencies,
regzency shift keving or phase shift keyving (FSK er PSK).
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TREIOTE SEIVICE.

:. Cwriemticz 82 kez) o275 on maters pertaining to communications
== service. Th: sizies mozilorisg cperzior will coordinate with such
nssrs. oeozliv by telepdone, znd provide assistance, as reguired.

. Besecztion of service to asers, utilizing predetermined alternate
, i sccordence with estzblished NCS restoration prioritics.

poe scss of service or knowiedge of impending outage, the status

—cpasrize cperztor wiil e responsible to take necessary action to

efect resiorzl or contioeation of service. The operaior will have




access to storsd aata files containing information on priority, prefile
and rercutes, Normal restoral action will usually involve_channel
substitution with a spare chamnel; however, in cases of link failure,
group restoral methods will be implemented. Switching of channele

or groups will ke effected through keyboard generated instructions to
the processor which, in turn, will cause the required switch matrix
connections to be made. These actions will require coordination with
other ATEC's, TCF's, PTF's and users, and, in addition, follow-up
action to effect worma’ization of circuitry and systems by coordination
with maintenanre, -emote sites providing telecommunications channels,
or commercial commeuun carriers. At certain times, rerocute action may
require preemptior of channels assigned to users with lower priority
circuits, The lower priority users must be notified of the preemptior
action and the operator will be responsible for coordinating the outages
with directly connected users or with subordinate TCF's and PTF's at
which the preempted circuits terminate.

Activation, deactivation and rearrangement of circuits, iirks, and
equipment, as directed by local SOP's (standard operating procedures)
or as directed by the Central Control console operator. The status
monitoring operator will have responsibilities of testing, monitoring
and verifying performance upon activation, and also of coordinating the
deactivation or rearrangement actions required, according to proce-
dures or direction receired from Ceatral Controi. The coordination
will be done using the intercom, voice or teletypewriter orderwires,
and telephones as necessary. The operator will access the circuits
or channels of interest for moritor and test purposes by keyboard
generated instruction te the processor, which will bring up the circuit
or channels on test buses which appear at the consoles. The operator
wiil then bx: able to moniior activation, deactivation ¢r rearrangement,
as required, and verify ihat what was to take place, has taken place.

Prepncation and entry, for repurt purposes, of narrative information
on uiusus] occurrences such as unplanned station outage, or inter-
izronce on assigned radio frequencies. Following determiration of
such an RFO, the gtatus monitoring operator will convey the inforna-
ticn *o the Central Control opgrator and also make the required entry,
via a keyhoard, of the necegsary elements of the report into the pro-
cessor

Coordination with remote HF transmitter and receiver sites on fre-

quency changes and channel usage. The status monitoring operator
will have the responsibility of effecting srequency changes, as required,
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demodulates the haseband signals to the VF chamnel level. At this point all ¢F
chrnnels (from both the user VF charnel selector and the baseband V¥ channel
selector) are analyzed to determine what level i3 present and whether or not the
charnel is carrying gpeech traffic. Speech identification is essentially required
on alternate voice data circuits whare the voice levels encountered may be the
game as the supervisory tore levcl, On other circuits {(volce with no supervisory,
continuous V¥CT or data fraffic) the processor "knows' what i3 present and can
more readily perform 3 gignal to noise measurement; duc to the normal existent
wide range of level differcsncez between the traffic and ncise levels, The V¥
channei scanner converts the ilevel from the analyzer and assembles the informa-
tion, for input to the procsssor.

All devices shown, with the exzeption cf the anaiyzer, are under control
of the processor, via the processor 1/0 (input-output) Interface Unit. Synchroni-
zation between the processor and the user VF channel selector as well as the VF
channel scanner is maintained by the fop-~of-scan identifying code in the data.

The baseband VF channel selector, which has the cay bility of random access,
maintains synchronization with the processor by sending the selection control
instruction to the processor after completing the selertion. The random access
feature is required to permit rapid access and analysic of any receive channel.
at the baseband level, when an abnormality is uncovered at the receive side dro
point, This feature is the first step in fault isolation.

To achieve standardization, all digital inter.aces betveen the d-vices
shown on Figure 4 are to conform to MIL-STD-1888, standsrd iz’erface, iow
level.

a.” Baseband Voice Frequency Channel Selector

This device is required to d¢ nodulate baseband signals to the VF
channel level such that both one greup of VF channels (12) or any
one VF channel of the group is available for subsequent analysis.
Selection capability of up to five transmit and receive baseband
signals is required. Two baseband modulation plans are to be
accommodated, oue for twin sideband and on: for lower sideband
in accordance with CCITT recommendations. Manual and external
control, of random access of the group and channe! selected, with
appropriate readcut is required. A maximum demodulation rate
of one group per 180 milliseconds is required per system require-
ments developed in paragraph 2.1, Section III. The demodulation
performance characteristics are to be as good as or better than that
of the receive terminal of the multiplex eguipment normally re-
ceiving the baseband signal. Input isolatior from the baseband
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sigre! is to be incinded such thet during npormal operation, or in
the event of igilare of the device's ippat cirenitry, no apprecialde
degredzafion is experienced oy ihe beseband signals. Beli-testing
features are recuired to permit independent check-out of the device.

Tsger Volce Preguency Chammel Selector

This device is to be capshle of sequentislly scamning VF cbapnels
such that graups of 12 or 24 channels are made available for sub-
cequent aneiysis. Inpat chammel capacity is to be frop 12, minimem,
expapdatle {n increments of 12, up to 2 maximum of 726. Mzangal
and external cortrol of the scan rate, including readout of the
scanner’s location, is required. Mizximum scan rate will be ore
greop per 18¢ millisecords as in 2. above. No appreciable degrzda-
tion is to occour to the VF signals in passing throngh the scammer.
Seli-testing features are tc be provided to permit independent
check-out of the device.

Voice Frequency Chamnel Anmalyzer

This device is to convert 2 VF signel to a DT voltage and identify

the signal level conve-icd as gpeech or no! speech. The signals
presented to the devicz may be VPCT, data nodem, signaling,

noise or speech traific. The device is to be carable of bridging

or terminating 800 chm, balanced, VF channzls with no appreciable
degradatiop to the input signal when in the bridging mode. The con-
versica and identification time is nrot to excev:d 500 milliseconds

per requirements in paragraph 2.1. Section 1ii. The level sensor is te
exhibit characieristics similar to the AF sensors described in para-
graph 3.1.1 of this section.

Voice Frequency Chamnel Scanner

This device is to be capable of sequentially scanning the VF chanpel
analyzer's outputs and converting the DC level signalc present to a
digital serial stream of data for inputting to the digital processor.
Minimum input capacity is to be 14 {two for use on test buses),
expandabie in increments of 12, up to a maximum of 74 inputs,

A six-bit ievel conversion is required, nominally, for incrementsl
quantization of the input signals. Two aequentizl inputs are to be
agsembled into one 16 bit output. For increased reliability,

4riple redundancy and majority voting logic is required. Manual
2nd external coutro! of the scanning, with scanner location readout,
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is to be provided, Haximam soep rte will be 65 fmrxds per secoxd.
Seli-testing feetures are (0 be provided (o peralt idependert check-
ot of the device.

3.1.£.%2 Digital Circaits

Monitoring of digital circzits is to be performedat tsro poirts; 2t fre DC
drop point ev7 at the VF charnel level., Pigure 5 depicds the functicnal itercon-
nection of the devices required for mozilorirg at the VF ckammel level. Figure 6
deplicts the DC drop manitoring device.

These eguipments provide movitoring of 211 DT circuits appearing at 2
site. The VFCT tone scanners (FSK and PSK types)} provide access to throogh
circuits by Vbreaking-out® the tone ckammels from the VF chanrels passing throegh
the circuit patch and converting the tmes o DC sigrals. At this roint ihe remote
controlled distortion analyzer determives the total {peak) distortion and peak
count of the DC signal. The results of the measarements are assembied for
inputting to the processor. The auiomatic digital circnit analyzer performs
similar measureme=is, at the DC drop point, for inpatticg to the processor.

All devices shown ca Figure 5 are under control of the processor. Both scanners
provide top of scan identification bits, for the ¥F chamei selection and the tome
charzel selection, to maintain synchronization with the processor. Speed zelec-
tion and unit interval code (includirg synchroneus data seiection) selection, in

tbe remote controlied distortion analyzer, is under control of the processor;

the processor being the device which "knows" the nature of the signal being
analyzed. To achieve standardization, all interfaces between the associated
digital circuit monitoring devices are to conform to MIL-STD-184B, standard

interface, low level.
a, VFCT Tone Scanner (FSKj

This device is required to '"break-out" FSK tone channei from VF
chammels and convert the tones to DC signals for subsequent znaly-
gig, The minimum VF channel input is to be six, expandable in
increments of two, up to 2 maximum of 50 channels, Due to the
high quantity of I'SK tone channels normally in use, four tone
channels are to be converted to DC signals, simultaneously. The
device must be capable of converting 16 FSK tone channeis with
170 Hz spacing of center frequencies from 425 Hz to 2975 Hz with
a frequency shift of + 42,5 Hz. The keying rate of any one tone
channel will not exceed 90 baud. The device is not to add more
than a minimum amount of distortion (less than 1 percent) to the
signal during the selection and conversion process. Manual and
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Rem=r Cootrolled Distortion Aneivzer

Tais device is o azzlyze DC sigeals of 12ricoss speeds for tetz2l
{peak) distorticn zrd peak ~oa=t, ard assemble the results irfs
ASCH iormat for inputting to 2 srocessor. Start/stop or syn-
chronous DC signals sperating 2t speeds of 37.35, 45.35, 58.0,
56.8, 81.1, 74.2% 2nd 75 band with vp to 45 percent distortion are
to be accommodated. The measuring accuracy is 1o be * 2 percent
for distortion and + 1 count for peak count. Seif-testing festures
are required to permit indcperdent ckeck-cut of the device.

Automatic Digital Circuit Analyzer

This device is to be capabie of scanning DC circuits and measuring
the total (peak) distortion, peak count and average distortion of the
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3.1.3.1 Voice Fregoency Cheonel Mslh -Parameter Test Aralyzer

This device is 15 ~onsist of a2 test-transmitter ard araiyzer {or periorm-
irg multi-parameter tesis & VT circoits. Provisioas are recuired to permit
coiiocating or separaie.; ioc2irg the transmizer and apairzer. Loop-back testirg
capability is required (testing incoming 2nd outgoing circuits) ac well as single
direction testing. Parameters o be measured include :1me logss. frequency re-
sponse, enveiope delay, signal-to-noise ratio, non-linear ampli’ier distortion,
frequency cfiset (translation) and short term irequency stability (phase jitter);
manual (via associated teletypewriter) or automatic (via an external processor)
operating capability is required. All input control fata ard ouiput test results
are to be in serial form. Circuit measurement time is not to exceed one second
and capability for manual (patching) or a:itomatic {external switching device)
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TP IEE8, or exrinziect

BT soeter g meriinT o sooiifer TaleSieop? L2903 oF egrivaiens
L? skl gemeriior £EP SH3AC. o egmi 2iect
FTreeicoe deley mescoTing set Sserye 3288, or eqrivalecs
Spectrom zxalyzer SierTz 3683, or egoiszisnt (csed

with 1223, telow)

Preguency selective volimeter Sierrz 1284, or ecuivalez

3.1.5.3 Sizndard Of-the-Shelf Digitzi Tast Enipmernt

The testing reguirements as determined in the Circuit Status Monitor-
ing Stedy task, Sectior IX, include a mapnally cperated distortion analyzer test
set and 2 bit error rate tester (Data Transmission Test Set). Both these items
are readily available as off-the-shelf items. Listed below are manufacturers’
model numbers (or equivalent) which car meet the functionzl requirements of
these eguinpments.
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o tde sgrzre of e mumber of poirts o be cormectes. Also, 2fding ooe more
poizt 2icog exch side of 2 mairiz which 2lrezdy enizims x romber ol poids o 2
sife resuils & the acgition of 2 total mmmberof 2 x < | 24ditioa? crosspoiznts.

As z vesait, the cost 2lso increzees by zpproximately the same S2ctor. Tie
zfforts documentizd under Section XTIl 2tzzmpted L0 optimize switch size and cot
by estzbiishirz 2 [2mily of izs rementally sized, three stzase, srmee divigsion motrix
modules as stzndard elemems and employing links between these modales to ob-
wain a2 switching complex of reduced size zmd complexity. 2s z result, flexibiiity
must be sacrificed; i.2., 2 certain reduction in capecity 2nd a certain amount of
blocking must be accepted. The capacity can be typically 20 percent of the total
number of circait apoearzances, since this number generally exceeds the number
of patches required to be in effect at a given time. The blocking probability ean
be typicaliy .01 with the switch already activated for 20 percent of the circuits.
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Swiich modaie (512 circsit modale}, 2o 2 modales zre required o zocommodste
fhe 13890 cdregits considered 2bove. It zcbml design, the 84-chrs#l mednle is
reaily larger fe.z., 72 circwits), thereby providing for eight irfer-module fruniks.
Hesce, this coofiguratos, whes spplied o 1502 sexd zxd 1500 recelve circuils,
resullz in 2 total of 2poraximately 43, 289 crosspoixts, and reguires 2pproxi-
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The space requirernents of th2 above configurations foreed a further =
consideration of the utilization of solid state switching elements in lien of the i
magnetie latching reed relays considered in the above discussion. The primary )
advartsge of reduced space redmirement ir considered tc outweigh the disad-
vantages of the solid state switching element. The disadvantages, as indicated x
in Section XiIl, are:
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2. Bezftery required for conmrsctivity

k.  XNot capebie of hundling group freguencies

¢c. Cooversion of analog signals to digital recuired
d. No size redsction for 2-wire circvits

e. GCreater power regulred for crosspoint holding

f.  Xore logic and cantrel circuitry required (Reference Table IX
of Section XIIT)

Tee preferred solid state approach (Ssction XIII) required that the signals be
digital for switching purposes, and accosaplished digitalization of analog signals
viz Pzlze Width Moduiation (PW2%), Investigation of design possibilities relative
to usirg this solid sinte switching element indicates that optimum packaging
(greatest spece conservation) can be obtained by employing a switch module
capebie of 96 circuits. Again, 12 of the ports are required for intermodule
frunking, leavirg only 84 ports for circuit connections. 7n reality, then, each
switch module accommeodates 84 cirsuits. Hence, for the 1580 circuits men-
tioned previously, a quantity of 18 switch medules ars required. Also, three
aggitional switch medules are required to provide intermodule trunking, thus
resulting in a {otal of 21 switch modules (42 for both send and receive). Each
switch module is composed of a number of individual smaller medules arranged
to form a three-stage switching matrix. In summary, each of the first and third
stages consists of a quantity of twelve § x 2 matrices, while the second stage con-
sists of a quantity of two 12 x 12 matrices. Therefore, 42 svitch modules wiil re-
sult in a total of 28,424 crosspoints, and will require 10-1/2 equipment cabinets.
This is an appreciabie reduction from the 43,200 crosspoints and the associated
26 cabinets required for the reed relay approach.

The quantities of crosspeints and of equipment cabinets as established
above are those required to provide for circuit patching of a quantity of 1500 VF
channzle. This is the quantity of channels existing at the Fuchu site, which is
considered to be one of the largest stations. Upon closer examination of *'.c
actual usage of the circuits, and taking into account the cost (approximatei, $19
per crosspoint) of the required awitching, it becomes apparent that it would not
be technically effective, nor cost-effective, to provide switching for all circuits.
investigation reveals that of the approximately 1500 total VF circuits, at least
450 are switched trunks terminated on the collocated tandem switch. Such
channels are selected by the tandem switch providing automated patching
(switching) at the circuit level, while the ATECF is effectively duplicating an
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existing capability, Alsc, of the approximately 1500 cir-uits inentioned above.
about 75 to 80 are AUTOVON trunks comected to the celiccated AUTOVON swiw h,
These circuits are segmented into small groups at the ATI CF circult patek ‘swiwch,
and require only a limifed switching cepability at this polst. Hence, of the 1560
circuits only about 1000 need be provided with switching ceoability at the ATEC?F
circuit/patch/switch. For this reduced numbe uf cirou.ts, the above solid state
switching approach reduces to approximately 18, 806 crosspoints, requiring sever
equipment cabinets. It should be noted that a separate additional cabine? is nesded
for the required switch controlier.

The solid state matrix approach to the circuit switch, as described atuve,
is considered to be near optimum. However, it is still retztively costly, miariy
$200, 000 (at an estimated $10 per crosspoint}, and requires a total of eight cabi-
nets. It also requires a major additional item for support, namely, a storage
battery capable of maintaining ail activated ccanections during a major power
failurve. The actual switching requirements could be further reduced, however,
by providing switching for only selected circuits, that is, for only high prioriiy
circuits or for circuits selected on some other restricted basis.

A caveful examination of the other candidate areas (patch bays) for
application of automated patching has been accomplished with the objective being -
to minimize switching requirements. Consideration was {irst given to the ATECF
primary patch, This patch facility is, iz most cases, nearly as large as the cir-
cuit patch, and would thus require a comparable switching complex. However, the
function of the primary patch is primarily that of equipment substitution. That is,
when used in conjunction with the circuit patch, a spare or preempted line condi-
tioning equipment an be substituted for a failed unit, or ingerted ‘nto a chanme!l
when deemed nece.ssry, It should be ncted, though, that only certain combina-
tions of line conditioning equipments and VF channels are permissible; thsre-
fore, complete intesconnection capability is unwarranted for this purpase. Hence,
it would suffice to grvup channels according to line conditioring requirements and
to provide switching caps bility so that one or more spares of like conditioning
equipments could be connrected to a chamnel (of the group) when and as required.
This would greatily reduce the switching requirement, and would, in fact, resuit
in a configuration equal to about one-fourth the size and cost of the circuit switch-
ing configuration. However, further investigation reveals that the line condition-
ing equipments have relatively low failure rates; hence, the rate of substitution
for this purpose is very low. It was therefore concluded that automated patching
(switching) weuld not be cost effective, and should not be provided for the ATECF
primary patch.
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Consideraden was next given to the ATEC facility DC patching require-
==ts. The DC zeteh bey provides access to DC circuits, and as such provides
2z Emeticn {or DC circalts similar to that provided for VP circuits by the circuit
peka bey. The Irequency of peiching at the DC pateh bay, however, is much greater
s 2t e ciresit potck bey. This is due primarily to the requirement for greater
gmz.. T refetive {o digitel treific. That is, minor degradations in transmission guality
wio2 in 2 voice message are smoothed cut by the buman ear will appear as message
errors in digital traffic. Also, the greater number of equipments involved in
Epinl comoamicsiicas {modems. VZLT, regenerators, etc.) io derive digital
ciuzmels {rom voice ckerrels, 2s well as the greater prevalence of encrypied
w2ifc fnd 2ssonizied eguipments) oo digitel circuits, will result in a greater
2ed for DC peicting. Toer:iiore, i awitching is considerrd for circuit pastching,
2 s2old be given eves grester considerztion for DC patuhing. It is recommended
e s prefereroe e gives to autosaied DC patching. Relating this requirement
- Lo B Torkc site, it was Getermrined thast a capability for DC patching be provided

S 2o T80 DC circmits. This is coasidered to be the largest site requirement.

s The sgoreess to swindirnz for the T petck is the zame as that for the circuit
it exoept izt oo modulators or demodulators are required, since the signals
are ziressy Egiel B is 5. .essery, bowever, to provide 2 converter module
lae 202 ozpem of the swiick i order tkat signals coming out of the swiich will
zg> B2 low tevel, T zocordence with MIL-STD-1s8E. The low levei input o
Be swuisek Wil b zocegled directiv. In osgder o provide switching for all 700 C
orsutiz, 3 wizi of zhocs 13, 309 crosspoints are reguired (3123, 000), in 4-1/2
czirnels plos z =91k extrolisr cebized. Ag=in, 2s in the case of the cirenit
sasre, tBes amilomerng regmirement cxb be farther reduced by providisg switching
~gx Bwr zelected exn smitz (B5gh priority, specizl circsits, etel).

>y ¢
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e remremete Ior grocs awiching was considered lz2st, primarily
ie soomening Gfierent Irom™ the nther reglarements. The major points
woe the B, siprel irequencics zzd the ic. signzl levels inberent in
IIms e, TR sefemi: fo. intermod distcrilion aod erosaizlk problems,
B2 r mzu 1 oomiyg seeid steie seipning elements, estzblictes a high preference
2 aoziien, in spite of its inherent increased spuace
~apsoresnE . a2 Izpg e t30 T oy £ swiloking elements will then exist within
; ® lesser imronante 125 1he requirement for iechnically
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switchable to any other group within its agsocisted supergroup or within any other
supergroup. The supergroups may be within a single baseband or distrilutsd
among several other basebands. A more technically effective switching configu-
ration for 116 groups would be a three-stage 116 pori matrix, Stage 1 would
consist of 11 individual 10 x 4 matrices, stage 2 would consist of four individual
11 x 11 matrices, and stage 3 would consist of 11 individual 4 x 10 mawrices.

The result is 2728 crosspeints requiring three cabinets, This is somewhat more
than the 2048 crosspoints (approximately $7809 additional) contained in the previous
configurstion, which employed the 128 port matrix, The improvement in cap-
ability, however, is significant. The amount of blocking has been nearly halved,
and compatibility is considerably immproved.

High priority charmels are expected to be grouped or concentrated.
That is, all highest priority channels within a given basehand are fo be located
within a zingle group (one or move additional groups may be required, depending
on the number of chanunels); hence, upon failure of group equipment, a iower
priority group may be preempted to support the highor oriority group. Similarly,
where link degradatior is experienced, the lower prior.ty groups may be dropped
and only the highest priority groups retained. The switch canfiguration described
above specifically provides for this capability. That is, the individual 10 x 4
matrices provids terminations for the 10 groups that make up two supergroups,
and permit the connection of ur to four of these groups (two from each supergroup,
fotr from one supergroup, ete.) to four other group channels. In addition, manuzal
patching st the group level is still retained in order tc provide baclk-up in the
event of switch failure, and to bandle the overload in the case of mass fgilures,

The zpplicability of switching to both supergroup and baseband patching
was algo considered. Since the number of supergroups and basebands at a given
site ie relatively small, the required switch could also be relatively small, How-
ever, the advaniages to be gained from the impiementation of swiiching at these
points would be primarily restricted to patching speed. The other advartages
mentioned previously would be of less importance at these points because of
their small number and simple paicking configuration. Even if switching were
desired, a major deterrent exists, which precludes its cost effective and even
technically effective implementation. This deterrent exists because accommo-
dating (viz switching) the high frequencies and low levele associated with the
communications signals at these points is not readily accomplished. In addition,
the loading effects caused by tke introduction of switching at these points can
csuse zerious degradation of the normal communications signais. These problemr
~catriGate to 2 very high-cost switching for supergroup and biseband switching.
Therzicre, it is recnommended that switching not be immplemented at these points
because of the technical znd cost probjems, as well 25 the minimim gaips to be
chtained. Instead, efic —s and funds should be coneentrzted on improving patching.




3.2.2 General

There are four patching facilities required for ATEC: group, circuit,
primary and digital (DC). By design trere is considerable commonality of func-
tions and hardware throughout the four facilities. In this paragraph, the major
functions will be described first, to establish definition and understanding, prior
to the facility conf:guration discussions. The principal characteristics of the
switching and patching facilities are outilined briefly below, not necessarily in
any order of importance.

3,2.2,1 Sealed Contact Jucks -

Sealed reed relays will replace the open peint normal-th-ough contacts
used in conventional jacks. These relays will not be an integral part of the jack,
but will De actuated by control signals generated by patch cord insertion. The
only open contact surfaces will be between the plug and jack surfaces (tip and ring).
This concept of manual patching wili substantialiy reduce the system noise gener-
ated by dirty and corroded normal-through contacts.

3.2.2.2 Cord Scanning

Insertion of a cord into a jack will generate a level which will be sensed
electronically through a solid state cord scanner, This scanner will deliver cord
insertion and removal data to the ATEC precessor to aid the Teck Controlier when
manual patching must be resorted to. Every jack in the ATEC patching facilities
is to be afforded electronic cord scanning.

3.2.2.3 Normal-Through Comnections
Every normal line-side to equipment-side through-connection will be

completed through a reed relay, This relay is actuated through local matrix
control by processor-generated patching instructions.

P T

3.2.2.4 Monitoi/Test Connections

Several monitor and fest trunks are bused to all 2-wire circuits. A
monitor trunk, with its associated high impedance test device, is bridged across
the circuit to be monitored when the selected reed relay crosspuint is8 operated.
A test trunk opens and terminates the circuit when the reed relay cresspoint is
operated, A test trunk can be used to inject test signals, such as tone or "FOX, " H
into many circuits cimultaneously.




3.2.2.5 Solid Stats Patching Matrix

A processor directed space division matrix will effect line side to
equipment side patches to any one or more twe wire circuaits. The send and
recelve pairs of a typical 4-wire circuit can be awiiched independently. Since
t“e matyix crosspoints are digital (a 4-crosspoint MSIC is used) voice band
analog circuits are digitized af the input and reconstituted at the output. Digitel
signals need only be level converted (up or down) in order to be switched. The
three-stage matrix can be optimized for a stati=tical number of simultaneous
patches that it can sustain at a specified probability of blocklng Blocked patches
are then put up manually,

3.2.2.6 Keed Relay Group Patching

Because of the bandwidth involved the group signals cannot be switched
through a digital solid state meirix. Thevefore, a reed relay matrix will be
employed to provide a comparable rrccessor directed patching service for group
signals,

3.2.2.7 Relay Hardware in Patch fys

The relays for the normal-through and monitor/test connections will
be mouated on printed wiring boaxds., These boards will in turn be mounted in
the same cabinets as the jacks with which they are associated, The average
cabimet will contain jack sets and relzy boards for 120, 4-wire circuits.

3.2.2.8 Switching Matrix Blocks

The basic buflding block for the solid state patchiug matrix will switch
up t0 96 circults. Printed wiriag boards can be deleted to the extent nccesszary
5 equip the matrix downward for less than 36 clrcuits. Up to six blocks can be
grouped ir a cluster, with a seventh block serving as the point of interconnection
between the blocks. Two or more clusters inay be trunked together to establish
a facility in excese of 1000 circuits, or to create a "split patch facility.”" Four
95-1ine blocks wili be contained in one matrix cabinet,

3.2.2.9 Group Mairix Equipment
To minimize wire lengths and stuhs, the group switching relay boards
will be mounted in the same cabinet/rack wiih the mux and channel equipmert.

This awitch will be partitioned into small blocka appropriate to each cabinet,
with limited trunking between cabinets,
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3.2.3 Swiiching Functions
3.2.3.1 Jacks and Normal-Through

The method for utilizing reed relays to replace open contacts on the
jacks in shown in Figure 7. Relay K1S will open when a DC contrdl circuit is com-
pleted through the cord sleeve to the equipment side jack of another send circuit.
The comparable relay (K5S) of the other send circuif will also open. While K18
is open it terminates the circuit coming from the right. K58 operates in like
manner when a cord is plugged into the line side of another send circuit. The
same arrangement works between receive circuits. Cords are patched between
the line and equipment sides of different circuits, and L to L or E to E on the
same circuit fir a locp-back.

Relay K3 is the normal through contact, and is remotely {processor}
cuntrolled, Relays K2 and K4, also remotely controlled, provide access tc the
switching matrix, To patch the receive circuit through the matrix to another
termination, the ATEC processor firat directs the local switch control to cleose
K2R. This action avtomatically opens K3R at the same time. If a 4-wire patch
is being implementei, K8 is also closed, causing K3S to be opened. K3 is
interlocked =o that it mugt open when either K2 or K4 is closed. While K3 is
open the two legs of the circuit are each terminated in the solid state patching
matrix. ¥2, K3 and K4 are magnetic latching and are, thercfore, pulsed open
and pulsed ciszed ~ no holding current.

Relay K6 provides a way for the processor to put up a2 send to receive
ioop-bazk patch within a 4-wire circuit, The K2 and K3 relays must be opsned
before closing K6, By placing K6 between K1 and K5 the relay loop-back can be
bypassed by any line side cord patch. A send to receive cord patch is also possi-
ble because of the polarities on the coils of K1S and K1R.

3.2.3.2 Monitor and Test 1 runks

The utilization uf reed relays for the moaitor and test functioas is
illustrated in Figure 8. Two typical trunks are shown., These relays are rnag-
netic latching, ard are puiged open and pulsed closed through the local matrix
control from remotely generated monitor and test instructions, A test trunk
.an be connected tc many lines at once for the prupose of injecting a common
test signal, such as "FOX" or a standard tone. The number of simultaneous
connections is limited not by the switch but by the drive impedance of the tes!
signal source. When a test connection is made, a substitute load impedance
is switched in to terminate the source.
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3.2.3.3 Cord Scammer

The K1 and K5 relays {see Figure 8) contain a control contact not
shown in the diagram, omitted for graphic clarity; and because the same fimction
may be accomplished by an auxiliary contact on the jack itself. When the relay
is actuated this contact closes ground to an integrated circuit multiplexer, The

‘ multiplexer is commutated periodically by the cord scanner common centrol.

t This control recognizes when a cord is inserted or removed, and forwards this

; information o ths ATEC processor. In an alternate mode the scanner wiil

: continually inspect only those jacks for which it kas received addresses from

the processor, The processors utiiize the scanner returns to inform the Tech
Controlier, through his display console, that directed manual patches have been
properly executed, An integrated circuit for scanning is included on every relay
i board containing K1 and K5 relays. e cord scanner is diagramed in Figure 9.

] 3.2.3.4 Relay Control

The relay switching functions are controlled Stzparétely and independ-
ently from the patching uwitches (including the group switch, even though it is
relay). There are three reasons for this separation;

a. The methods of crosspoint actuation are substantially different,
so that little efficiency is gaised by combining the relay and solid
state switching control logic.

| b. Not &ll circuits will be aiforded switched patching; but all circuits
' will be equipped for automatic monitoring and testing.

¢. Failure in the more complex patching matrix will not compromise
ike much more frequently used relay control logic.

The control logic recelves {rom the processor an instruction that
identifies the specific 2-wire circuit plus the specific monitor/test trunk or
s normsl through function (K2, K3 or K4). For control purposes all the relays are
arranged in an X-Y ccoc:dinate array. Using the instruction's open er close
directive, the control logic selects an X driver and a ¥ driver. These drivers
are pulsed for 5ms, and the relay at their intersection is actuated. Concurrently,
verification signals arv pieked up through a2 eeparat, network to tell the control
whether cv uot the sele:eted relay was actusted. Each relay contains an extra
contact for this purpose. When actugtion is complete, the control logic forwards
a yes or pe verification response to the processor.,
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3.2.3.5 Scanner Control

The scanner common control distributes line address signals for
commutetion, and collects and formats the multiplexed responses. Upon direc-
tion from the ATEC processor, the scammer will commautate all lines periodically,
or concentrate on a very few selected lines. The latter mode would bse chesen
after a manual patch has been ordered so that the Technical Controller can cl ack
upon the {imely and accurate implementation of hie orders. Scanner control is
separaie from and independent of the relay and patching matrix control logics.
Thiz is done hecause the logic is substantially different, and because the scanner
’s most needed af times when extensive manual patching is required. Therefore,
iaflure of the switching control logic, or its use to troubleshoot the crosspoints,
should not compromise the-cord scanner operation.

3.2.3.8 Solid State Patching Switch

The patching switch provides a limited number of electronic patch-
cords. Its internal modularity permite the switch to be equipped for a quantity
of electronic patchcords equal to the average number of regular cords that one
could expect to see up at any time in 2 conventional patch facility. "The basic
element of this switch is an MSIC containing four bi-directional digital cross-
points and their supporting selection and latching logic. These elements, which
are actually little 2 x 2 matrices, are arranged on printed wiriag boards into
larger submatrices. These submatrices are in turn interwired to form the
basic matrix block of 96 terminations., When the seud and receive sides of a
4-wire circuit can be switched together, one block can be used to switch up to
96 4-wire terminations. But if separate control of send and receive is necessary,
then two independent bl ks must be used, with th- crosspeint circuits not fully
utilized.

When the switch is incorporated in the circuit patch facility, the voice
or modem signal at each inlet is digitized by a pulse width modulator circuit.
The digitized signal is switched through the integrated circuit crosspoints - no
less than three, and as many as twelve - for an intercluster connection, At the
outlet the digital signal i3 integrated in a demodulating circuit to recover the
analog wav~form. Inthe DC patch facility the pulsewidth mod-d:mod circuits
are unnecessary hecause the gignals are already “'gital. Since .he in-station
DC signals will conform with the MIL-STD-1883, :he matrix terminations will
bz equipped with 188B compatible interfacing circuits.

The arrangement of 98 line blocks into clusters is illustraied in
Figure 10. In the typical configuration shown, twelve of the 96 terminalions
serve ag intracluster trunks. The common block serving these trunks is
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identical to the other biccks, but it does not need ¢o be ecuipped with paise wicid
mod~demod circuits or MIL-STD 188R clrcuits. As shown, the cluster cen
serve up to 588 circaits (7 x 84), By deleting blocks, any lower puntber of
circuita can be efficiently served. The most practical cluster for ATEC parposes
is a 8 + 1 block configuration, providing 504 circuit terminsticns (£ x 84) exd 12
interconnact trunks in each blcck. The cluster is limited 20 efght blocks dn= {0
the practical aspects cf control. But if two {dentical clusiers are needed to pro-
vide independent send and receive switching, ore common clusier control ez
serve all blocks (up to 16). Az part of the fzeility engincsring tesk, clrevits are
assigned to matrix terminations 2o as to minimizs, statistically, the rriseer &
interblock and intercluster connections. This minimizirg W1 resnlt in fewer
blocked patches and more efficient utilization of switchiag hardwars.

3.2.3.7 Patching Switck Control

In order to execute an electronic patch, the ATEC processor mast
forward to the switch/cluster control logic the binary address of the o termize-
tions to be counected {or discornected} in a given bloek., Local cordrei them
searches for an internel path, selects and actazies the solid stxle crosspoizes,
verifies through an independent network that the seiected crosspoints wete iz
fact actuated, and forwards a yes or no response to the processor. I ro izteroet
path could be fourd, a ""blocked paich” response is returned. Interblock eoomec-
tions require three separate instructicns; and the procezsar moust keep trzck &
the usage of interblock trunks. The total time for the swiich to rzcogrize,
execute, verify and respond i8 approximately 30 microseconds. The oostrol
logic interfacos with the ATEC processor through an inpui-ouipet ckepnel it
16 data bits in each direction plus asscociated sirobes.

The group switch controi ie functicpally very similar to the cireaiz,
DC patching switch coutrol deecribed above., The interface with the pro.essar »3
the same, and the seme type of instruction and response i5 emricnd. Recszse
the crosspoints are relays, the method of actustion i much more like tze X-7
relay contirol (see subparagraph 2.2.3.4j, than the solid stale comrol. A frermsi
vatch search i8 not necessary because the blccks in the group switeh are s=ell
enough to be nor-blocking square arrays.

3.2,4 Patch Facility Configurstions
With the preceding component apd fncilon descriptions serving zs beck-

ground, thie section will describe the four peteh facilities, with the zid of 5=~
granis,
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| 2.2.4.1 Circuit Patch f

J The circuit patch facility is iliustrated on the left side of Figuve 11 showing 4

J one typical 4-wire circuit, This circuit can also be treated as two irdeperdent,

/ oppositely~directed 2-wire circuits. The patch bay can functicn without the patching

! switch, and indeed is quite likely to at a small ATEC reuter where the cost of

{ electronic patching is not justified. Furthermore, not all circuits that pass through 2
the patch bay need to be routed to the switch as well: selected circuite of low prior- g

I ity and/or usage can be patched only by manual means. The switch however, 3

cannot function withcut the patch bay, since the relavs therein (K2 and K4) route :

( the circuits to the switch, Electronic patches are constrained to L-{o-E send,

J L-to-E receive, and L-to-L loophacks. The monitor and test trunks are routed

\ to consoles as shown in the illustration., Reasons for selecting the particular ;

’ configuration of monitor and test trunks are given in paragraph 3. 2.5 of this section. 3

3.2.4.2 Primary Patch

The primary patch facility i< illustrated on the right side of Figure 11
It is used in conjunction with the circuit pateh to provide manual patching of line
conditioning equipment and to provide an automatic monitor and test capability on
both line and equipment sides, Since conditioning equipment is not electrically
| patched, there is no need for the remotely controlled relays (K2, K3, and K4). The
J typical circuit shown is 4-wire, but, where nzcessary, it can be treated as two
! 2-wire circuits. This would also be the case when 6 or 8-wire circuits are to be
| patched; the signals in excess of the send and receive pairs are patched through
r adjacent 2-wire paths, thereby reducing the fotal number of circuits that a primary
\ patch bay cof a given size can handle. Reasons for selecting the particular configura-
| tion of monitor and test truniks are given in paragraph 3.2.5.

TRRS N

3.2.4.3 Digital (DC) Patch

The configuration of the DC patch is very similar to the circuit pstch

J (See Figure 11). A significant difference is that the typical MIL-STD 188B low

/ level DC circuit is vne-wire single ended with a carefully controlled common ground 3
}‘ 3
|

/

|

return. This signal is carried through the jacks on the tip. This characteristic
makes no diiference to the digital patching matrix, because it switches all signals
single ended. Since DC send and receive may Lave to be switched independently,
separate matrix paths through the matrix must be provided, and one direction of
the crosspoint circuit will not be utilized. Some digital signals are, however,
accomparied by a clock signal, such as that which is associated with a modem.
When this clock moves in the opposite direction of the data, as in the iransmit i
side_ he otherwise unused path through the digital crosspoint can be emptoyed ’
b.cause the signal and clock are switched together. If clock and data move in the
same direction, as in the receive side, a parallel matrix path must be employed.
The clock signals are carried through the jacks on the ring.
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To maintain standard hardware the relays in the DC patch bay will be 2-wire as in
the other facilities. So when a block is present, a complete path through the
patchbay already exists. The monitor and test trurke also operate in a single ended
mode, and are integrated into the controlled ground return system. Send circuit
termination will be biased to present a mark hold level to the circuit, The trunks
are actually 2-wires, as in other facilities; so the clock signal can also be monitored
and tested along with the digital data signal. Reasons for selecting the particular
configuration of monitor 5.7 fast trunks are given above in paragraph 3.2.5.

3.2.4.4 Group Patch

A typical receive group patching and switching configuration is illustrated
in Figure 12, Multiplex receive groups are arraaged into sets of 10; two typical sets
are depicted. These sets are interccnnected by iinks such that the line side of any
one group can be connected to the equipment side of any other group, and equipment
to line as well. There may be any number of sets of groups up to 160; the figure is
shown for one of the largest anticipated facilities. The Ki, K3, and X5 relays
function the same as in the other patching and switching facilities. Relay functions
K2 and K4 are merged into the relay switching matrix, Send and receive sides are
switched independentlv through identical 2-wire matrices; the receive matrix, showi
in the figure, is therefore identical in 211 recpects to the send matrix which is not
shown. Both matrices are actuated from the sam<c common control unit. Be~suse
the switch is a three stage array with limited intec-stage trunking, there is a finite
probability of blocking during periods of extensive patching.

Because of the group frequency band, it is desirable to place the switching
hardwave rs close to the group mux-demux and chaunel equipment as possible.
Consequently, one complete 10 group submatrix set, along with the associated patch
panels, and local control, will be packaged in a 19 inch rack mounting assembly.

This assembly can be installed in the same rack as the channel and modem equipment
it serves, if space is available. The signal interface out of this assembly ~onsists
only of the interconnect trunks A, B, C and D. The interconnect submatrices, plus
the common c¢ontrol logic, will be contained in a separate nearby cabinet. Two
master gr. s, each with its own power supplies (for redundancy) will be contained
in one cabinet, The control and matrix hardware is modular, and can be equipped
downward for less than 180 groups, in increments of five groups (usually one
supergroup).

Automatic send-receive patching in one group is not provided, primarily

due to the problem of connecting group-through filters into the loopback, Monitor
and test trunks are not included for reasons given in paragraph 3.2.5,

119

P

¥ cawoe

A OV R e e S e

P R

Ao




FROY
GROUP
MOBERKS

FROM
GROUP
MODEMS

L

® e e~

—
[ —]

#1014

*® @ o6&

#1110

_ o IR
Lilt QP
fcvy —* z1
\s
ki ) M K5 10
" - CHANNEL
€3 BARKS
RCY —= #10
v w N
K! ; [:“Wy L K9
-
] K3
SET =1 . H" L L
448 {C |0 U’\C A
4‘1‘ ,% ot
SEE WOTF 7
REC — LINE EQPT 4101
™ v
ki 5
M K 10
% CHANNEL
K3 BANKS
REC — #1110
B v
KlgT::zc TR & KS
%
SET =11
Al s]cyol p 1C |B A

L gt of

SEE NOTE 7




b Ry - — e -

] NOTES- 1. ALL GRAPHIC LINES REPRESEWT Z WIRE RIRCUITS.
[0 2. Ki & K5 RELAYS ARE NON WACNETIC LATCHING.
{ CHAHNEL 3. ALL OtHER RELAYZ ARE 2 POLE WACNETIC LATCHING.
BANKS 4. SHITCH PATCH EQUIPHENT FOR ONE 19 GROUP SET IS
LOC*TED IN MODEW & CHANNEL EQUIPMENT RACKS.
10 5. INTERCONNECT SUBMATRICES ARE LOCATED IN HEARBY
— CABINET ALONS ®ITH CONTROL.
6. SEND AND RECE'VE MATRICES ARE INDEPENDENTLY
CONTROLLED.
7. LINKS B. C, O CONNECT TO INTERCONNECT SUBMATRICES
B, C. D, RESPECTIVELY
LINK A
INTERCONNECT
SUBMATRIX
SET I SET K SET I
SET 1
[ ]
[ ]
[ ]
SET N
[ ]
9
0l .
Y % SET 11
10
CHANNEL
BANKS
0 }

IDENTICAL INTERCONNECT
SUBMATRICES FOR LINKS
8, C, & D (NOT SHO¥N)

DIAGRAM SHOWN FOR 110 EACH 12 CHANNEL RECEIVE GROUPS

THERE 1S AN IDENTICAL PARALLEL MATRIX FOR 110 EACH
12 CHANNEL SEND GROUPS.

FIGURE 12 TYPICAL GROUP PATCHINE

AND SWITCAING FACILITY
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3.2.5 Test Bus Configuration

The overall test bus configuration required for ATEC is shown in
Figuve 13. Test buses are provided cely to the circuit, primary and digital (DC)
patch facilities and not to the group patch facility, The wideband group signals
are at relatively low levels, so that any attempt at reinote monitoring and testing
would require cabling of such lengths that would introduce excessive noise pickup
and insertion loss into the signal itself. Therefore, group patch facility test
buses ar: not included in the overall test bus configuration for ATEC. Monitor
access wiil be required and provided at the group patch panel, however, to enabie
monitoring and testing to be performed by matntenance personnel.

As depicted in Figure 13, the monitor and test buses from each of the
circuit, primary ané DC patch bays will be connected through separate matrices
to the guality control and status monitor console positions, and also to separate
channel monitoring equipment. Selection of a particular monitor or test bus,
for connection to a particular jack appearance and further connections to the con-
gole, will be made througa an instruction generated by the processor upon command
from the console pusition. The operatcr will then be able to connect the appropri-
ate operational test equipment for whatever monitoring or testing is desired. The
controller will keep track of which test bus is in use, so that if another console
requests access, a test bus busy response wi'’ be nrovided to the console reguest-
ing access. The processor will also control the operation of the separate channel
monitoring equipment in a similar manner.

The buses are configured for separate functions so as to minimize the
probability of a console's getting a busy indication. Each circuit patch bay has two
separate monitor buses for line side terminations, and two moie for the equipment
side terminations. In addition, a test bus is provided on the line side for breaking
into the circuit in either direction for insertion of a test signal or other transmit
device, such as a VF channel multiparameter test set transmitter. A simiiar
test bus is also provided on the equipment side for break-in and insertion of only
the receive side path. Termination of the broken path is provided upon activation
of a tent bus. A separate 1000 Hz bus is alsc provided on the line side for break-
in and insertion of a standard test tone in either direction. One of the monitor
huses on the line side is reserved for use by the separate channel monitoring
equipment, to allow for automated testing under control of the processor and to
prevent interaction between consoles and automated test functions.

Moniftor and test buses similar to those described above are also pro-
vided in each primary patch bsy, except that the two monitor buses on the line
side connect to only the receivs vatl and the two monitor buses on the equipment
side connect to only the send path. This provides for source signal moritoring,
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which is all that is actually required at these points of the circuit. The reason
that fuil capability was provided in the circuit patch, for the test buses ¢o access
both paths, is that more testing and monitoring will be performed at this noint in
the circuit by both manual and automated test equipment. The other exceptions,
from the circult patch, are that there is no 1000 Hz bus in the primary patch and
there is only onpe test bas; it is located on the egquipment side for brezking irnto
*he recelve patch and for insertion of a test signgl. Termination of the broken
path into its characteriatic impedance is provided upon actuation of the test bus.
The reason there is no test bus access on the transmit iine or eguipment side is
that all test access toward the user will be dope at the eguazl-level circuit pateh.
The test bus in the primary patch is to be used primarily for tests of the lins
conditioning equipment.

Each DC pateh bay, as shown in Figore 13, will be provided witk monitor
and test buses to periorn 2ll testing furctions normzlly avzilable at 2 mane=! BC
patch facility. Two moritor buses are provided op the eguipment side transmit
path, asd two more monitor beses are provided on the line side receive peth.
This agzin, 2s in the primary netch, provides ior soarce signal moniloriog 2nd
thereby zllows fcr mozitoring of signals on 2 back-to-t2rk peteh, in 2ddition to
pormal monitoring functicns. All monitoring v} be in paraliel witk Righ resis-
tance inpat devices of grezter thas 5000 ohms with 2 Gesign objective of greater
than 30 000 ohms, in 2ccordance with Y1L-8TD-1&3B. Tanis wil! te done ecense
the digital signals themseives will be low level, & volt golar, in 2coordance with
MIL-STD-1888, peragreph 3.2.4.1.1. The digital signz] circaits will be single-
wire with contiolled earih retars, so thet the romtor fun=tion will oniy peed 0
zccess the tip circuit {or leletypenrtiier chanme] monitoring. Howerer, the ring
circnit 751 2iso be 2c0essed, sinece it will be ased for clock sigezl oo d2i= ciz-
cuits 2pd provisioms w11 be mzde to selectively monitor the tip 248 ring 22 Be
console positiczs. This 2150 mezrs thet ihe rejzy 200ess 208 sx5icding =airix
circaitry will be essentizlly the szme for 2li petek feeilities| thoe making forz
standzrdized =rrargemen and interchengezble cozfigurztians.

The test boses i the DC aich bays provide for brezk-iz 2od izsestice
of 2 test signel, sach zs 2 Bit error rzle 1est irznemitter GG, OF = kovbeerd
of 2 ieletypesTiter set. Two test boses are xvaileble, ome for brezk-in oo Be
equipmant side receive 1tk arf ooe for brezi-iz oo the lize side frzmemat o2l
I 2688tion, two POX tes tuses wiil be provided 10 aliow for eertios o 2 tels-
typewriter test sigre! from 2 common RENAC test message geoesrator. Ope TOX

one 2t 75 bend. Determizsiics of witek rale i I L eoniied o 2 partioTisc
cirseit will be GoDe o2 2 ixdividn=! tosis, z8er Soovdinetion ¥EY disisy end
LTEC, TCF or P77, e =i} be zooompliched by z strepsg oot o D2

particuiar reley boeerd ic Ge DC p2ict =y
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3.3 Programmirg end Froceszing
3.3.1 Dats Processing Fardware

Tre precessing subsystem will consist of 3 programmable compoter-
ispe proCesscr, mals reemery {core) modules, internmal clock medale, direct-
men:nTy-access {33fA) swodole, memory protect 2rd rarity check feztrres,
pe rivheral magnetic tep2 524 random-access mass-siorege equipments, The
procesging subsysiem Is interizced with sepsor-zascoipted, swiching-
assoclated 22¢ commmicatlcn-line-sesocizted equinmments as welt 25 Technicsl
Coairotl eraticsg posilice conssles, & cosfigursticn of = provessirg sshsytem
sgitedle for thiz Techricai Comre” spliczdon, sbow.ng the Tinds of Bordware

with weiek it will mterizce. i5 depicted in Vigure 14

3.5,

.1 Processer Impmd Oopst Iterfeze Usit

=oas to 3rd ozpcis froc. the digitel orocessor originete froem zod
terminete 22 vericss o2t devices. These exterTel devices bolkede:r egsin—
meel Se230T KIToers: oare! {cironi?) sammess, ol areloy zmd dighist:
YCT weoe seamers zd Rstonin smeirviers, sWHching m=ivices cosftroilers,
zzd commrmiceiicns ines TcarTyie” leleimetsT 2@ reporung Stz B order
10 trzosier iormstice Detwzes these exter=e! Sevices 28 the procsssor, RBED
s enicped itk 22 ot/ /omss Bios 2rrengeonem) Zn interTace w13 reqpired
16 provide proper razting 2nd Heferiow of the indacemstioe. The ixioreasios

iz trensiesTed inclades sewsed sizios delz. exsermel device ooomived Szt 2
erteresl oootrol lerice oimowisdeoeres, AD exmermel Sevices zre o Be v
soxrrol of B provessor. Toereiome, 2D Hformmsior Tt trzosRrs Srangd e
from e prodesscy Zof OtEDert e IToTorrtte srtermel d2vite W the STONSIEoT
A0 migremztion sxniroge DetRess e exzeTesl Sevices 2ud e trwrerizce mmm is
10 be iz DRt-rerisl lorm. Bmorderie mimimize mzoEieT nne, 27 foostlice

exchezgz betwesc e Serizos wodl =f £z crotessor 15 I e o wordpErele
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c. External device control data (step puises, to advance scanners
to the next position, and to reset scanners to the "home" position).
The interface unit is required to: decode 3 single processor
originated instruction and generate a reset pulse for all external
devives; decode nuimerocus processcr originated instructions; and
generate a separate advance puise or a seprralz reset pulse for
each of the external devices.

d. Full-duplex teleprinter data (ASCH at 75 and 110 baud) for lvcal
and remote telemetry and scanning devices/circuits, The inter-
face unit i8 to add/delete start-stop pulses as required.

The quantity of each of the four types of information transier is de-
pendent upon the aumber of external devices implemented at a given ATYC
faciiity. Modularity of design is required to permit expanding the interface
unit. to accommodate the expected diversity in sizes of ATECF. All external
devices interfaces are to be standardized to conform with MIL-STD-188B, low
level, The interface unit is to be compatible with the input/cutput characteris-
tics exhibited by the processor employed at the ATECF.

3.3.1.2 Processor Characteristics

Certain characteristics were identified as requirements for the pro-
cessor fo be used in the processing subsystem of the ATEC facility. These
characteristics are:

Characteristic Regmt. Comment

Memory Cycle Time 2u8 A two microsecond or better cycle is
common on today's small processors.
Memory cycle time is a key characteris-
tic of performance. Cycle time, when
combined with address field and number
of operation codes, is indicative of
execution timing.

Memory Word 16 bits A sixteen bit word length results in

Length sufficient size for operation codes and
address to provide a reasonably exten-
sive complement of iustructions ard an
ability to address directly a large seg-
ment of memory. A large complement
of instructions will conserve memory
and resulf in faster program execution.
A large address field means more mem-
ory is directfly addressed with a resultant
lowering of execution time.
133
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Processor Characteristics (Continued)

Characteristic

Memory Size

Parity

3 Instruction Length

General or

Accumualator
Ragiaters

Reqmt.

32K

Yes

= Memory
Word Length

Comment

The maximum memory cize puts an upger
limit on expandability, The minimum
memory size, while not ag eritical, points
to If=xibility and cost-effectiveness for
sma}! instellations. A small increment
of memory size permits expansion in
small cost units. Therefere, the mest
desirable combination of size characteris-
tics is 2 small minimam memory, a2 small
increment, and a2 large maximum.

Memory parity checking permits immedi-
2te detection of transient or permanent
memory problems before these problems
bave gn opporbmify o propagzte them-
selves throughont the system.

A memory word lepgth of sixteeu Jits hes
been specified previousiy. Tre instrue-
tion word iength skotld be equal o the
memory word length fcr compatibility
between datz and instruection words, The
advantage i z relztively large werd
iength in permitting a range of operation
codes and extensive directly sddressabie
memory is discussed under demory Word
Lengths.

A minimum of two accumulstor registers
is reqaired to permit 2 variety of chilt
operations z8 well 25 double lergth arith-
metic operations. A greater number of
accumalators {or general registers that
may perform iccumulator func’ions) per-
mits greater flexibility to the pragrammer
to increase execition eficieacy thrcagh
fast register-io~-register operatices
rather thep rvlatively slower memory
trensiers.
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Processor Characteristics (Contirted)

Characteristic

Index Registers

Direct ¥eomory
Access (TTMA)

Regmt.

1

- Comment

An index vegister is 2 valoedlie address .
maodification end cozsting tool which re- :
suits in execugtion timing efficiyacy 25
woil 23 making a cociribution to exse of
programming. Xaost desirzble Is 2 lzrge
ramber of hardware index registers. A !
small namber of registerz, index regis-
ters i memory, or substitte indexing
tectnigqnes resnilt in difficalty of pooram-
mirg by forcing the programmer to do
more housekeeping or reguire grester
amourts of time doe to lozding registers
or zdditicezl wemory zocesses.

This is z direct fuorcltion of the 2ddress

ergth within the nstroction word., West
cesirzble is direct >FBresssbility. ¥eere

there is direct sddressebilit ; to sl

sre2s of memory (ie., less then 1024

words), movemert of &tz irts the directy
zddress=hle arez, betching of &=tz o1

todirectsy 2qdressing 2 lesge area of &gz ‘
are teckrignes for offsering the effercts of

the restricled zves s¥ireseability. Aoy

of these tectigres will increzse exect-

tien time dze to indirect operztioes re- _
quiring r=OTe memory ZO0ESSSS OF dne '
to more meve=er® of éata, Progrem
developmen costs will rise vheo the
direct-2ddres==hility ares is decreased

doe to 2n tncresse i the co=plextty of

cf stroctises a2 oest be Fnvles 2=

tested,

Toe vilome of progres mstroaciioss o
randem 220ess Gevice Lisc, dram, ex.)
rarcom zadess Cevice o2 2 bpmt/octpet
bes wrich recuives processil (Xerveniios
= tostroction time execttions to trensler
txdividest words.
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Processor Characteristics (Continuad)
Charzcteristic Regmt,

DA Trarcsfer Bzie 1 merwry
cscieword

ertupt Service Tize 20 mieTo-

secoods
Re2i-Tirme Clock Tes
Extercst Eferroct 2

Le=is

Yrmther of Exter—z! 1

Eterreis

Ertractior Times Sore
A4d
2 ol
tirmes

Coumet i

Movemert of ope word of @&zta icto or cut
of ccre shaald reguire no rmore then o
memory cycle.  Relaxetion of s re-
girernes? will resc® in 2 sicwer charel
speed {device to core) 2s well 25 [awer
zermary cscles being avzilzble for pro-
ressing o5 irmat/omtoer bes service.

fee s

A i=st resporse tirze to interrops permits
tre system destsmer to spesify 2n berrest-
driver systes wrere inciceted. This re-
seits In more flexibility of program desizn,

A recrremert dictzied by the rezl-time
rztzre of the processing.

reqzired o servize the direct merary
TCTeED CoEDIEEL, 0 WIS UY DI vt aaE
torr/oioet s, L2k of exterzl izler-
mert costs 25 well 28 emzomtion timing,

AbRs 10 sErvice z mmrher o devices
efecivedy o the moet/octp bos s oo
tinga=t zoos tre oeber o feerToots S22t
—z7 be s2rvined.  The regerecment covers
5= — oz sr exgErsios.

tive & S el of execchioe & Be exlive
ooTid oBE the regriremex for 2 2 micro-
secor § Terory Oyt timme woryd resch

iz 2= o tiroe o store time o gTesleT
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Precessor Characteristics {Toncluded)

Characteristic Regmt, Comment
Instruction Times than 4 microseconids. While this fime is
(concinded) 2ot eriticai to the internal processing of

the opezational program, an add or stoye
tirve greater than 4 microseconds ghould
serve as 2 warning.

Fixed Foixt Xooe The main requirerments of the ATEC
enbiniv/Divide operational prozrams will be for logical
2nd dafe movement operations. {.ack of
Floeting Poixt “oxne fized point mukirlr/divide or floating
Arifemetin point arithmetic wiil nct materially

degrade performzsnce.

3.3.2 Proczrem Srudctare

This Teckaical Cocfrol-related application reguires nse of on-line and
e2i-tirme techoismes for data processins. Programming is expected to be per-
forr=ed csirg reloczinbie zossembler lapzmere, in coxsiderztion of 2 large volume
of tzbizler information and the bawrdling of bit—fields in its operation. A rezl-time
moditar Fyvzcotive Roctire 2rd Applicativn Program Modules a2re fo be developed
for fhe Precessivg Sohsystem. Tee recommernded modniar sizuciure of ibe oper-
#Homl proegrams is depicted v Pigure 15,

The Fxeceiive Bomtine is tha progrzm section which cantrols the se-
gaenre of cails for service of the varions cperaticeal applicetion pregram modules.
The segnzree of calls will be me2d in cyclic order - not pecessarily sequestial
zmoes e veriox forctions. Beczase of the diversity of interfaces, the execn-
tive roine mast have modulazity. The executive wiil czail each frmetion module
2s z closed schroutire 2zt completion executive will step to the pext eligible
fometizm.  Tre Exsccotive Romtize ®ill eapsist of 2 schedoler/dismteher modale,
scppnTied by modales for an itermal clock, for stert-up znd for recovery, and
=il Teinde citber seperzte "wzpdier™ modzles 16r matriz confrols, commmmica-
tisz line cootrols, sexsor-scermmer coniyols, tzpe devices coxtrols, disc conirols,
kevtoad cozrols, teleprizter cortrols, aod displzy contrels.

Apolicsticr program modsles are requived to ve develcped for each of
the m210T processing fooctions: Semsor Processing, Ogerator Inputs, Matrix
Coz2roi, Acirowlodmests, Qeeries, jourealing, Messege Ceperation, Status
Updzte, Dispdey/prictonts zrd Otker Outputs anply.
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3.3.3 Dszta-Base Piles

G MU AT HRIOTRTVR

?

The daft -tase fiie recoirements for operztica in e srocessing scb-
: system must ex feln 1xformetion epplicehie to ezch ATEC feoflity from e DCS
4 Directory or Reporting Gaide, tie DCS Frequener Direciory 213 circoit 2otive-
i Commenicatioss Service Crders) md relzdsd documents, The Sale-broe
rtst elso inclade idendificetices of seosors; sexsed-peraneliers; seosad-
: peramezters for veri2ble stetee, d zppliceakie; relnted Sresinids zad omdition
rzrEes; coorersion Lists; 2nd & meezng for 2ssooittion of exch of (e sacs Ts Wi
commoicstiice extnles znd/or egnipeest ectities. Porter, the datz-bose —oad
m&we@mwéawmry,adszwm@
ecripmerts with the commopication eciities ®2ich e2od sgpcTss: sgETe copT-
ztiorz] ecoipme?s s well 25 ecnipmests rlergrisg receir zve o te Iehnded
i tre dete-Pese to proTide 2 meers for determining Spznbility. e mexms o
zssociztirg fhe sarices emditiss —eoxt provide 2 oottty (o Toe ectire Satz P
t0 for= z eotesive file; exch item of the dae-Breze ey be TegriTed o Be zsmocd-
2224 w5 ore fen ome ciher Bz, The é&xz-foos ffeo recrirsruects cax Se
i the zeplicatics pregrem modles of the Cperatiersl Pregrzm Siroetore degheted
: in Figzre i5.

-y

- e

4 e At we

Tor seosor-processing Soctwes, e dits-Tese et iacdnde e Hextity
o ezch of the zenooTs iz De sermente in wrich LT 27e o e soEmed wmreT o
7 of &= processor/progTeams. Crosn-licts of dectient soranrs widck seomcie
ilenticsl peramsters ! heve boom zssizmed Heneisel poremater tebnes o e
varices (Red, 2mber mod Green) coditicns, m2st we sor—ed for comme - rusrd: 1
nze. The sensor Xoatificeticms mast iocinde ezcd TsiEts” fszeeed) o ssesch
- g5c.} in whizd the commrmicsians car cpersie doring seostmg.  3te sl merrm- 1
: 22zt e or ofer Kemtificerion shonld be aessinzinl 1o Se Tecimicel Comived
' sperators wien extometiczliy | resextsd iz Cispk 55 =d prizionts.  MemseeThe
@m&rmﬁmmmmmémmmm;mbﬁem-
iase. Fach threshold mest be 2 fixed s2ine lovel; conditions (Red, A=fer =2
Creen) c2n extesd over z remge of valee lev2is  The t=ine iovsls of omdZic
raTges must be pre-esteblished vithtn the menimem resge & S seocsor oapts

co=veTied nio 2 digital Jorm represezfing the s gl lzvels, 1
Yor trend amsiysis Imrhions 2ssocizied w1 senoor-processing. e

Amler reoges il be espeodes o incinde !.:--:-5:_;52-’-"”’4_@'5 ..z:-astc:é:é £
incinsion in the &sta-bese, Trend zrelssis will be periormsd whe Poo =iz
Amber-range thresbold crossings were wwﬁm oot & ering e Amber
Tange. Coe resuits of trend amiysis iz 2o FTe
Red thresimid wili be experesced, zssurming the szome 5@:2&22’433 TEE 25
experierced In previomns threstold crossings,

N waryea

= {‘.’19—.3} e

®
AU A LA R TA

4 4




oo Spdrs-Updete Srclars, £ ecmimient of e veodory g IArdop ooilan
of e omrmrreiertior rf et 2ttt 33 Tegritve? in Bp dpepbmee . TSmO
*E 22 postad FIS S e Tuwrtzd evpities 3y Su suome-aAie wopihepdior soTgTTr
aTee smoisTig EmEREls oo opetatrr ernres of Inermasior.  Taed sqrdty mungt
e comsThaced 1 sspmorts B o posting empmser, o e Eler oo T ooprr-
fead B2 2 Mieszrein $Er Mftecdrosd eatdnes. FTEES auut da copmmtead Bu stiraar
oy locetior, B oorromimfeaticy a2 emmhumene eatithes . This Infirmatier ot fe
crpextrad i deiy-ieme fhre Lo resifewe o e Smrtmr-acresrs mpie-gtIIe
JdeTire T 2 mrmte St FRcRs i prority antesient xR iNomed stergree s IS
Be Edtead o percrrmecuts wo wronoaimtnr Seefemtr foo = bil snfie Gt
seatinps & statos D Fx rSheierd socmmnicneioy wmd eqrigoment ettty The
s ¥y hicrmeatim, o nest fwmterceg, 35T D gegtef fr e Sax ane
antiy, Tt Sese esting: vEE Inne o afeet oar R stattus of Igpies-lemed ermtties,
Tie Sead md Dscedre EomSome of smrrms?s af sivenits oe tumpfroe? S efie-
Srenlesy f2amy of S commounrntim: entity SSea.  Comrmomia . etitties, 1F
rsatiEafed S 8p DCS, oifefy ir Se OCF Sibwemier, ¥ 22 antBred Neo-ZCS
o anierehoar entitSes sfirnfil cengorn © e BT 1mediods or ddearsfonchmy ooe-
sernetior.  Chivonsd entittes wEE omalr of e Connond Corrmumiccinne Sevrrice
Tty 0150, 2t S coommeseind mumtes # ¢ oond sepmnene of fe citmil
s lepeed. CRmyreds v dheotems w4E 2 fenrttPuwmt tu zenspibte oitumme? mundhwesy
e = §© memeshrsy, CEED o Ge ezt £ amencsy ond it paniped sswteiine
jricrisr. Sqmupmmnrs shanitf 2o YiommPes W pOdesn 230 omemciimce it
shonll? seinde 1 descoiptorr weme fte St dmar < equinmenty et o Yodenr,

nSgieser, oot TOramicor & SUuDmear Srakes i e Shek s siuhe
z merns o rasocosinr et amnement ey 3 e sommonreatiors < agpeees

o peTImRiene  oEiE ) 2nd hmmdrr 3w e csgnenrion of St it
3 oy speet TF E lEmenTIon Skuens

oo Tt ks Tumr apeoaier: pnd Iy testnn dmriters and ot~
wr, fe Prooepnny EEymzer MeR ooy Wint e e sphed o Seowr Done-
Brnr pr & Sfzrzarmrinr Soan B sowronsy mhdrcmred Drmegroe Doz Sewe
Tz, Toe Ty I2oe-Zpsr o 2T 1 imedpram? rosamoionr S 1 e
oRSEEd In wesIlIrE it Rl jeogmT deuiDerhan:, mSEnTIERmnE, INBCIRTE
Tergimaras T mesi mozmetrss pad ofter giormatim 25wl St Dlanmmaiureitiree
= o sguermeswes. T o 3 omopists szens? omtaomny 3 oatrmaten S ms
3 meded on e Tectope:l Conmorl wpecister 2o Se commumcatire w7
sarpoteaes of e 270 DTy Thes e X ot o 0T roormmmmusiCrons
e I L2ET p-ST—senE 1w Tacdnanr Tharoi pemitcez it sifwrassum X Deg
J7L e modEme of Spes 90T D rmmaood

The Bomnr S-SR s iz s e OCF Doosesire osagE oo
L Trooos g Inr Tootmez o wiurr Tie hitees ATEC smeliEr vl e

LR




e

i
|
|
§
|
g

EUER TR - Y 40

S

R N I L)

AN

semmmefiie.  Threae Jlerthes 3o seqitte? o serbie o Re sondam-groere oy
sornre deior 3 Ihes I scnewins fhe gome Sem 2p oovTeerth corrined

S DTS Sivwetors of Tptebed 3y S0 magatess.  Skiitcr Detinrs oo non-
TS comrmeicretemy,, ozpomew? 1 3 e aanper, wUE S oweitew®. Thewnp
Hptivey ®9E syorenmt Be fetSiertpme, aite-an, sofiperSiens, amd oo
=y Terinmiea® Croeend Jreemtzeey of S commanftentimy i wrmimte o oo
sins Hromupt She sty o sectre oF et of e LTS Sttty The
it "Tendt Tisciier sumtidy AfEedforthiomg amd shmresd anfe-ap B Koo

ot emps S dtita) I aedude Seoages ooy Lesgpimume T oty of

Coanteni prexometess,, ol B sopgilete soniimr, In smpTinty aftveer lasticey
STTTNE 2% SMmmectne ity sepmmt-du -gnpment, Seor e —end X st
3n egeminy.  The ook Inthrs nar 3w pooeeed o Tr St Sies In
Numni-atier Remiity” amf “Yemypt omety, T o ardies of emfipned entieattion
gromits.  Winty Rewe poauany ST Y T trmuitte pomupisg, S aewpinamed e
soes e de Hph-ompooitinngricats sty st 2e diidied g e St
JoTnENar Jrassians o suppeat” Be gragiane? myemne e He agprmoicar
2t hmr e rinosy SSuGT d Drpeoafitvr, TRD AbReRr Guesie dtme
euaBilafmd yemitumee? spemms,. oy iies afrenaitan 3ot equescurs
2miggnes amf yeomitte? ap Aiffieeet communicncine s el dasesntey
MOAIMME sffpreacient S armety, 2 ahidhies et 23 e Y pepingiie
Hir Auninn Jrrrermhonr 1 FOUmRam el Syt o 2w Teenmend Tanterd
meeIsrt of e £TIE feilita,

- - ST AHRIT

Far utimustnge DO annumesenns e Zhranmee mmmtneeg et
£z Fownsang e Wil camttie de penf auE semaee wafie @ hoded
Hy mop-tgarr of 1 moemnts 10 Ve qcaaty Wi e apens Sene e osus -
my o peumesumnctl Sessr of menedlians e nitdity  Tie sembet menmcius
propmens~ aimae W g et b 1 cesub o Ladt sersr ascoemme 10 e
RS somts, TR SIvmag joneesy munt te w1 pved aadhmoons o
fiped fien B JemeeRie naol nemac? wil e oD ad tu e IcneaERT
I, Tiesd EshmneT amats il W DLnGEomt moqe poImerIae JriEsians
WA FUESRIrEE s SN mvt Domsloufy Ior De. Foneer md Towe mmmfithom
T oorSEUAe LTS ROCmE VWmn @ onomut vamticam o tedrsmumeed note Fad oo
ATNET 2 ICTOMERLY JUUSUOE 102 31 MDIAnplem” fl huntz e dnoathm o
Rurosedel UGS Be Dy 22T 17 mmome i dme rciin v madatnuni.
serdre oF gmedinge swommdiuisr Thar aresumeeesdz e RLASe! o It e
HOmpLishst % RTonicr SO weTens mifl ¢l v 2 IGEhir Ui
T oBv Qore st padsemm KRmAIrd Tud TN AUUONTIISF 1T nemast 3 1 Seurtus
U ANRLCIIIT e e 10 e vl punns of SETEad gL e sanan Lo

Wt nasdaR crRymmdnlrn . win sadur Deerg e mmonreiss
'+

e e ameacdas Resad kA




SRt e

I AR VAN SA SR VAR A S oS
i mee 8 e At AR IR L ADISAARSS 1 AR bt a r
. - ‘ _— e L s
i ‘ . ) N

momtoeep, sosreetrs deeed Indtiee g wiE 2w Srowfeoswd <v S srocegere o
oumneey B B groe e 23 £ Boee xotwy maoittred 1 2 iy of SEUTRE,
= %31 b oo 306 soemrowd Irveds X S oeoe ey, A3 2 ceped of Ius
Sp-mencint mrpditering, Ihae Sw grmcerresSoorsoms Srtrrremas T S fonits
=2 docmted Ttrem€ 2o e £Otioe or pEoeSIRilerS sectTe, Bee Iovther momssde
= Jrae 10 o 2588 print Setvars Se ot of hptem v gnot of e,
¥IE 2 mternartier T ooudie o S rwcenms enesrons v Soefher it Se
it 1o 3 ool or 3 arctrs of eqipmerr, o Suls opowomessinnr, Pricr
T fie tesma.remE Ariegrr srewrr, e pormeswer-igrmeenms Wil amccivte
sy tvowx Ref T fates Idleatars o S xrednne it g cenibeowd s dites-
=itne WRghnes o oot Sew 1o ot ar Qully destond o ooemen eguiprrents of
B gmtioy.  TRoem Fompy of icTmity wil 1 ooy gty 2y e dpuge e
Dtemul eyl deesPed a8y UL 2w geciirone? 3 adfitten o mmilteing

of 1l sirmmer rmfed i 2r o eripmunt entitivr.  {tRer ynmematiiom teCoses
1Finctee? citemtive e sunpRrRhyg euurrenty w4E 3o node o fe sooemes ST
CUmy. Foom S o tmaetes dresi andffisdimr, Send muferin md gewfesong
Wik 2e mude 30 B mceRarr oot Whee o and ooy srsumetes et
sydierimgs 1oy of Affecmt dueg 4 He Saiter smgr Sor Qe eftemily g
eqrpmuentd,.  Tue sesulty < i romtietsy, Hall Siation, sty xmagie wud
=yarf il 3o 2o 22 gregenindG ag e afaeen and pr 1 digiter 2o Se preoeiane
Tacdmitmt Ot cpwesiting seaittion, xuf 2 ticiidied? dy Seixitih-s on ue
Sartiny Inpr.  The memite 1o 120 33 32 sscneefed o fonmrir ot dheenatior
41 Ry mmft-aeoar weat-atsery e ar aommuititties of St mukor sanur,
T 1 enurt Dy snEpeths pe S mftnecuear seeriewal Jurpndes,

Fur e anf onles copitiemm of @ oooormimiencdione et feeocdmy, sk,
mpavesnty, ovmg ot sinomed o g sserael), e grremenne poreenms
Wi froemmime viedher S condithor a3 cEnoradie 1o Do, {Regrre-
3 ropdtinnes 9 T mprepriredsr mpeed o1 the icr-dens ¢ Wewmemdies ol
2z w4EE 3 e foe pweitor mnifenttior, T s sunpisovennnes Amund 1o
szores vtl 3 cpmmmitte?f e s wWher 1 communie o el o B
wpomeasr TR W upeier o U0 sdsnenr ax prniudtie St e prorwsmimy mit-
mraen e e e, o Se = of he cegoet oessnpr ' 2 acies me
n omer-Tme ey 12 Ve e mine 2F gnriy stz it Je 27T Deiiis

I3 4.0 Iewral Faivezs w DegeudGomne

The mitzl 72T fuspins il aufiite drem of 3 o Lmdter zomd-
ez & ovzaul o Il rtonmmpeasom: End amiyment sEriormmnes gamttring
vl rmran suTiment agoemornor Eon vqutd 8 Tootmer Tomtsrifiss e -
7 e afiesnner oo fnerveimst nonsul ¥ I ominemeice premommel SEpsvOmg

B—fCemrn Telrews v mityiadirs?d moemten o pouDmEst. T or murmemnrnee

s




b & BRI 544

I N T

PR e

= S =

- LWt v
R

SRR sy

wtffierfion, S omemer oot AL proeeme S agmisglme of 2 e
ficy Zomepbine oteDr She ceme ermitor pe S Tevimicd Cmesat aperner's
Dirptes wnd = brdufy 2 peguenSyt mmieey md aorndune ¢ prlatmr wBp £ e
snovsiter 2 S mohcrmmee Saeont. Tt anuntittSicr hrewerr She Desinfied
Tl opeeice ged Sp aekterene: oot B gemwidfr ¢ Soets S Secieioms
nl pprerinte oy, 2 aor, o 2ue 2t of dhe TNecinies® Corftexler T Tl
cemflfior, She Spriitver $oooserivezs ot sioufif 2 ol emrenBs fio RS-
seqtrestiun: seurcits ity Innef oy D mutitemnee St Rm™s 2maee of S
ook 2t porund of Ainx - aulen? I oroowes Be gmorree? feitky

Dneiey o 0 Snmndnteis pier Be nuintermone nshed Mtormator
sudinetwe % sfpyiifioons meitfomyme seur it S-S aninpr nund S sugpilied
2t Ve gruceniiny mbtwsater Sio aefighar g O sYoeets Sur e Yetame B an
7 sequl of 3 T v Foiter cnnddtum. Dr complirtun: of S cmdmeranee st
scfiey swencfy, e S gesttoyg it She feanmiis Sm-SRge 3 st arhennctan

fr sereated fuanimee.

3342 S iy e Sepsututiuy

Whem 2 Tt o foniter Lantittnn fie 2 ety sunperae? ta 1 soeefic
ssnrnianior et (i, sgeepsmin e o ruf 2wy Sounr 3 gesifi: adinoemr
Teofintenf Cmee St or mimmetenibs aevineed 1 teiep hexte? estesm?t Kt S
el sty 3t Cpesathiomt Tooctinntan Yessye GO oo e mittomnctiein
goeeaned ean. ceciny serEtesd smmed fhenmSom,. Jupnileur noameed Jee-
Sremomee aftcnmtinr nd ane-dmpe ey e Saremnmien o Le adinesar
Texmizat Tt funfitz Ther IO Wi 3n Shmeniite® jadomesoeniy a8ar
nrmReiie pofinreioe a e svenir 1 Do atineet Treftnoen. Tmesw. odte i
praioiie 3 Je jroommng st Jdincwane, Taodioney Tmesl e dsey
e oot Jewr Spes of amittom wooumDs | wsing Taniinnie nteowase
IT RS NOETDUNMCIE NN

Trer 2 Tuf o faier mmdeior ke o pdnafiol aetue 3o umsiEtenin
sRnnta 3wy ao?d O, 3t Se oaee Eten, Sp srunsesic AoEsTIn
L prremin sReder S oreul g 3 Seopd orTul. e 3 anti RUTRC LR e
e vt Spe $TEC Innllex 3mc S oceeniting sesgrnpiniitn Tede ook KUDRSTSes
et R4 22 agprrpreein upmef 1 e fiee-caae Fic @ Sengft-coooub, o
03 = ce msanomiop Oy premrwrest o Qe mwmmer dencnBer @ficwe e SEmRnaeson
= e ainoesr Termury Zoeen me-liez | Losn siftwesBae neene omrupes Sed
sty Ll mnuey Qe seorsesgr JrEoET T aonde mp sregunmmef seemre miie-
TS SNttt AT B Syez-dmar fic S oot war n Je oantia Suger. wed
mdiie pgsm m S merweay esdtum TFT Do TIemr nueTne muupss wil
f2nespls e roporAlie O R T Boce ioma. szmerts T rwnerTmolas 3t no e
D3 me 1 SETs AT -ITR~Ame o AR-TITE L Sned swmunce semnrs oy il
moupsn 307 2t greiudee o S e 2 @ Iow reounder T Zie Tesdnury Tiacon
DIBTFCIL W HICTHNT MGRLammit: allvhmaml, Kunt af rspiee-inv-ewwyrs e oo
fmnr 1 Tl o e

» wh

AR AN AL & Wi NGO D10

e Rean amakasdonadete el mon s A .

[ap—

”
R MR AA e des b WA e s et ach 2o f e .




- e LT - - “ e e® o - T Z P -
N - gt o .. a

3.3.43 et Renilivep

£s 2 repstior o rtometic conamrmicetion gl egrimmant pericerea
mmrdvoriy o3F Gty o S3riSert Mireetisy SR 2ixtrre, T operiors sve
emrcted 2 % 15 e Oeta reulore! aioe oF raquest 2ANEaxel nelcted
airrmadior i dispiey oy izttt Sorr S prueptsiny soivoyites,. Theoe
amtens ruf rEqreate v Ifrpercshow wE B mmede iy e oo of commas
S srotemper frorons.  The cowrmmecs IS e e By gzeeczted by ose of
sTorTETmmed ~dmreee-teyr o ey Se grrtiendtr copmresd to S processcs/
soapsaons, 12 Se FpEwTiRr-rpe itoesd resuciriad wel Sue CEF device o
ety o zrsammertats o S oxnomree.  DegTEerier of 2 jrogsrraned-Tnetics-dey
S Sns guspone ~of Shoe 9 srecsescr LTI S peepstiz She ot of S
e o S T2T oe #8313 mfieasSar wheme 2 o2 caTEasteTI oo
recuised &r b mrared i S Imocensd. TRe cpetning o axieel Stis SSsgisy
3v umr ¢ 3 cancEl ez, Wher Zhe manced grmaromtase e el on e (2T
Sice 3y we of [e feshne £ e pesiew wE ains Segrvss e g v Dont e
T mme. Jr mhenwim. F 8e amssator degrzaszes S $o o srite I crvriding
e nminmmur semess? Jrsameey. or X or miftes arvores, Se prorssmey STUEITT
®T Sz 2 Tur commnons upue ot Thie jrocesscs propmioms w3 cespeme
fimosaBin oy 1 s of hiput of ety sl cenramndz.

Reqers cting 3y cpesatrry wED pmeseTr e gesihirned Ev s2omh-
wmeumicar swhishmg ooyt S sowesyior Senpsome. | Stmimtcenelie swizsiane
m A perirensd 3n 2w Tachmm? Cortoei cpeetory BF 3 oTrTZoSns 1othny
St & ~reimuesuar oF pnes Bowndml eqnpment o mbsesiRes res, S
3 eSSy TioTule S, N I 13Uty joegi £ xempff omme, o e sRowr-
L= mg 3T tpimmet vt rmez sing Wl S jrione 3 sd dnemmics goe-
simme? srenmes v me eIt I Ipr-cerreiar-griority susmniis,
SermATiratr seRshng nmr 185G 2 geing aed Ir cygesEl e seczomes v laglig
ALCTmRES, @, SCIMBCINT BEC AMISMEDE I I ANNE 4T 5 SuiitmerE Swpnriiog
Smmumerirme . oo fie mtscriny sqngmees whes Y mpe2atts o eoeifed
T sty commmds 252 emeew? ot Be roeemary Br Qe cTigrwmd 2 lwe
spm: mPmeEs e jerronel feacried Toe souosnmiT PCTETETE HOEGT Hesr
20af munarrafy . T pEresite @ mne Serne-smmrsri-avre? aetraetaon: o S
in~twETe nmrriaze f 23 pRosprmdz fvCShog oasrer It mide nad et
mEeir rrmgennsE o S Skt oot necs ... The somtuites adimes zomfoms
mEter 2 ez of de IpT.. O A2 IT s 1o scheates @ dned ..rfng'vm:‘t
i of R ateur 3t Re srovmmmar sonTTemi. Tin: sonflrmoton o Deoitng o

migd Tp HE <CASIEDE MENRME T3 LeTonesoms YIT amiuns FEmiimp it e
31 spesoE tetrn e xpditea wns Weoctmp. ‘Ffm-a:t:- e drpa
gﬁw*tnm;zmmn"‘amnz TypscunRiE word of o S wED sement

Hp ~ e o Mur emeoted oM Eoome 2unE %mm:ﬂm
TamE. WS i K tmue el Au S T O sornaacing e prusimicr JTUEED

T Ut VT Py ST 1PV v i S P @ PP PP AT PTEp I S WOTNY ¢

e cma L

ool e as . erea

o s s Bka . .

e -



i

. 'l .‘ .L'.".:,' :
m.mm.mmum‘mmmmmﬁ

Loy

‘mm’o" APIEBAIIG € ¢ o AR e R D B IS ESEA R KRR TE MR S | et W £ & STy tu e £ Al W WS T8 e

v czocel 2. When =irr! peithes eve mede Sooagd e cae of peicieordz) Ge
eithes were mmde. ¥ improper peiches were —emrall; mede, Se processor/

Coeratnss wild regmest Escfeys a3 miios's of Haomeion ffom S
sTocIadyy eotersias,. Thoee reqresis will De exfased o S provensor o
mogrETs BB te Iarm of commEns o queTies.  These wiE be seqmests foz Ge
S of SrEcihe orpnpriaefion entities  roome of entftiee oy stEios nr S
ective stpiiae, They =iy 2230 be S ocommrriee¥om eot¥r ecnSrrTriions o
rmafe-or. Ther ouwy e gsaciss 3fo speoifc ecommnvinatiar o erimuent
extifen. e & Cese r2gmests s gesier mpr comstiittte ¢ el of EnSome -
an for ittt ar S Miph-soped-sointay.  Wort rugmests e ceeseriad oo S
C27 faces of fhe comsrifay poeiifion eoosouss,. LB wmixd cegrests ot e Zoreced
Fhep S zrzennt of bEsmrtiom o be soeeendis £ ap Be fice of the C2T dsviny
Citeeds Rz vk dBiptey orpne™y, D qproator oy rTiE She somdentetier I
Thew S et Mot of hiermartfon.

3344 Progrrr CBorncterinics
Gerem gougeTon clreprtaséaties waee cpigueizad L3 defzmrhe Riust

*wzve zpadied pnt dersitie Siv e prucsawing site | stewy.  These grogran cohvr-
Ietriztin wane cElagrrtca? o Srfiows

s Shexfusf arerinor staner wodiies ¢
s Zircprltis DasraRiy Qomospr ¥
s Friemusmos prmmnafang of owz 2aflag =
e CTocip egmoamas merzlum U
< Toarsarortany of STUiSls TeumiT? =
s Feryndr smmse of mndle R 3¢
s Tegomest Irurin b4
243

T TRATU A VRSTING MM BATORNIL NI W I PTTI

R3$ 100D I8 BN 3 LR L0 P & METIIY 19 o

ff“ Lk
;

s ¢
[]

'
Lk




"

UL WY

Pt ol cad o

L TrRpr—

—— = ——
5 Sexuen Mot
e Seprme IFG mxednile =
o Diter rzlpitoowhis tptvmss sanger ifersdr ond
e onxziSng of I3 cedtni e 2
o TSl of gItiog dr frurx 12 senuss X
e Momboxrrad irmime v semwer SmiSers 3
¢ Ceior Emi  sEmRer vrle ks ecommnt 3
Sriiicid 4
s degendemse of Sreaftelifs 2etysenr semors ki 4
s Cptannt crarior riSosicn cn Soeicid
ongs i3 ¥ aven =
s  Cymmm? xrSotor fegendng ar ghiend -
3t Geteser g Beeaiicif coantngs )
e ZEatinuehnr of aofiBeatior depemdent e semsey 3¢
e Prficmnr of Ruf Aemafvriic soommiag townt
iRy =
7.  Asmewedraone
s Artumcidiymenr deve pranidie =
3 DfAmmdimcs ety ciesed sSwcw joammis T
s Toom emed Zfieee ravfmdnocy z
s T ac 2LF 2 Wmew 2 oovr opreInor 3
s R&TE Z e md )
¢ moammr s Swoacowisioment =
L ¥orwx Tommi
& Trmnt o xmemy hredwrs: b4
21

S e et ihidrd

Ludﬂ"‘




TVIr

Y pTOYVEY

L T

vt e

bl o

gm‘é Faadd Wmmwmwwmmwnwwmw b G e PP AR

’l

Bromde Ot femelsied)

Syl oy f exery Sumemred A7 sl

e Sumivr-cemenmt ke dir e Mdegendenr
s Soburtnts finyiny frtoe

U M W v W

4

o R M

©

B’

U S S

1
%

t

(1)

¢4

avessmsmsmeeietind

ot Aan e S B [TEER IR TY I ¥ Y

LR S ¥ R S T T T | ST AN X )

. veas ore s i h w o o

ki

FRCY WP

il e a0, A

£ b it e

Ty

JAWR&“. LA




L dl e bl Lads gl Aitad g

el b A A Klcn bans o

rrrsies ore 25 deaSroe oelly vl
Oy eoinetere ande

Zeerfrretoyige %o sl Ty Seres
TemtSurSuerd quester swcxpedies

Qurrrs Sttty Jeppemityeed: Rufermy Srolmese

Specfic aeed for 35 onilvwe gtz
Qoo iy
¥ Sue-finen minesl nwmory qpecE

St slzyerr Aottt QT it

-

Igeppmey Consearthor

Comppiafote? nememer oIt ooiie
FroomneT I enlyys HuMpets wrmmE oo ZRue
[0~ o 2o

PE

®

M W K O U

W i

S

U




wy

o

ORI P A U T W I W N W T W S Y g Y R WO ey Y YRy e ey

s 8 e S L AV (L ATV IEONRY S OWR N AN |

¥ vwTTY

TTHTTY™
| f

~y

7

T Rescoery
o omame of 28 03piGe Inix op oS sioroee -4
» NIfmore todtshes In meswry
o Ty Jheckt an seoovEYy éria
s Sescrery progrzo lerses o traces zfier
T Bt
L St
e TrMe o fmrats g 3
s Extvy i every sis=Elcot eved M
e Smiversd tume Biocks M
o JFormmmlt eolry mrroveder $5 mindmal A
e Yaum= <ore aocomrlition F tape ot available M
s Wrrrg to cperiior & ape meirdenance .-
. sttt
¢ T2be drivez M
¢ TrHle exfries specify fimction ertrances M
s Cwyziic storese of recovery azta M
s Texctizes called 23 closed submmaiines M

3.2 COSSCLE DRPLAY AXD CONTROL EQUIPMENT

The Sspley and o 2rol axelysis task report Sectian XVI of Volume M)

rooTides = i-depth ex=mirstion and evoization of comsole requirements for the
ATEC Scilty.  “re follcsing prregrapas provide a summary of the display and
oortrol meivsis todings 2nd 2ls ) infroduces requirements that have evolved
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3.4.1 Console Positions

From system analygis develcped in Section IlI, ATEC System
Concepts, the types of console positio:s have been defined from functicnal re-
cuirements as:

2. Stztus monitoring
b. Quality control
c. Central controi.

The status monitoring console position's primary concern involves the functions

of equipment, link and circuit monitoring, These positions handle routine problems
of operation ang control. The number of these positions will vary with the size of
the ATEC facility; typically, ore for a smrall site, two for a medium size site and
three for 2 large sta/.on. The guantity can also vary with the number of high priority
circuits, thereby making the number of positions a function of the operational
requirements of a particular facility

The quality control position evolved from requirements in DCAC 31@-70-1
for quality monitoring of circuits. channels, links, and equipment, on a sched-
uled basis, to assure performance of these items. Typically, there will be only
one of these positions at a large .. TEC facili’y. There may not be a separate quality
control position at a small or mediuir siwn.» site. This function can be combined
with a status monitor position and wiil depxnd upon the operational requirement
of the particuiar station.

The Cantral Control pesition encompasses the functions of both Central
Control and system status moniwring. This is the supervisory position and the
Central Controlier directs the ac.ionu of all other comtrollers, from this console.

3.4.2 Statns Monitoring Console Position

The display and con'roi functional requirements for the status monitoring
console positicn will be as recommended in Section XVI; namely, (a) static refer-
ence file, (b) interactive terminal, and (c} selective hard copy. In addition, the
position will also be equipped with operational test equipment for normal Tech
Control test functions and a teletypewriter set to be used for orderwire and moni-
toring purposes. The operational tect equipment will provide the capability for
both analog and digital testing and monitoring when the ATEC facility has both
types of circuits. A typical status monitoring console position is depicted in
Figure 16. The sit-down bay position, inthe center, is the interactive terminal
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cr-ier rolisotex, rafic eqgeiprmene, 2xd tre Astritatarg frame. Ccordinmetion
IS Sege lacsitors zd cereamel. m 2ddition to s2iected operztional, scprort
od eheinisttive ofhce3, Wil be regeirad via e tfercem sabsysiem.

e saice 2ad Seletypexriter orderwires will reqoire access by the
ccracde opeTTiars 2o ceTinin oihar selectad cperaticml and maintenance per-
sl These orderwires nornsdly orovide the meaps for coordimting with
TCTs, Pivs, comemmaiestios stopliers . and selected users. The conacle
Geises ¥El regoirs 3 mesns for selecting ard signaling, snd being signsied
v, e voice opdecwizes. A —exrs mpst alse be provided w select acesss (o
7 € G soosecare taistpegTiler orderwires, Upcn selectiza, the acnsecure
exderwicss oot wiil be oomected © 2 tel=typewTiter, at the console position,
T 3 ooSSaie e coeverter whica will provice osmpatibility for operating
= 2oy of Goe steord cpeeds. The code ased for crderwires should cortinue
to ke e tr-mriiceet Telegrapd Alghebet #2, (FTA #2), American Versiwox, due
ts S H1ok Bt 22ocs 391 teixXyewTiter mevhines, now iz use for ordcrwires,
zae B35 oode, 28 regiccing ril existing mackires with ASCH {Amerkan
Sexders Code ioo tformaticn Interchange) teleprimters is ot cost-effective.
Trere s, bomerer, 2 recuiresment to racilitate commection of the ASCII machine,
12 ench comscle position, & circairs =aich may have ASCH termirals.

Tre stics irformetion for the ATEC facility will be contained in the
srocesenT A2 stovzge. THis GRia siorage will consist of rardem access mass
siorape 2m8 magzetic pe transports which will accept irformstion gererated by
e processor aod e coasole operaiors. By thernsalves, the individual pieces
of imformadan zre oot clessified bat the entire store, or for example a report - -
rozdecs on ooieges, birk failures, system failc-es, efe., could be considered
25 cizezified Inormetion. Rt could be considercd classified bacause it presents
2 coritation of capebility ard effectiveness for a psrticular facility and/or the
rsaocizted oommerdcations systems. This indformation is aiso volatile but, taken
2% &ifferes? rses, 2 historical record could be bailt up to determine which tele-
commmr=icmices systems are the most troucblesome or vulperable.

The present TCF'e do not, by and large, have a general service tele-
type=Titer termiral instalied for transmission of DCA and O&M report:  The
reports are generated, typed oo message forms, signed off by the res: ngible
relezsing authorities and bendcarried to a message center. The mes .ge center
=2y oe in the same bailding or elsewhere on base. This iz a cumbe- ;cme and
tedions method for generation and transmission of such reportr. 7! ATEC
f2ofiity, In order lo generate and transmit timely reports, will requ.re an
AUTODD Mcde H terminal. This terminal will provide a circuit to the ne irest
AUTODIN switch for routing of the reports to the proper agencies and offices.
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: The reports will be composed and gererated by the Centraj Con{rol posi-
tion which witl cbtain the proper data from the tape transrort stores and, using a
stored repor{ format, generate 2 kard copy and paper tape copy. The hard copy -2
will be used for gaining release of the repert for transmission ard for maintaining -
a file copy of such reporés. The papex tape will then be used for transmitiing the ST -
veport via the AUTODIN terminsl. This method of bawdling the transmission of .
i status information will also be adapiable for any size ATEC sirce the speed of ot ]
operation of the AUTODIN terminal can be selected to meet operational require- [ -
ments. The AUTODIN terminal will also provide a receive terminal for direct <. f -
reception of messages from DCA and O&M agencies. This again will enhance e
the ATEC coperation by tfimely receipt of operatioval direction messages. =

s g

In addition to all previous requirements for coordinaszicn, thare will
exist s need for processor-to-processor coordination. This cocrdinalion will be - - C
necessary for passing data information concerniig link, trunkand circuit outages: .
restoral action such as trunk and circuit reroutes; and normalization of ks e s
and circuits to their assigned profiles. Thit information will be used to provide SR
a near resi-fime data-base npdate for ATEC 's so that any contemplated revoute e
via the station reperting an outige will take into consideration the conditioa of the et
links, trunks and circuits at that time. c

the

3.5.3 Orderwire Recording A '. ‘

The hard copy of orderwire ieleprinters has long been usert to provide TL
a record of events and as backzp information to stativa operating lo2s. This .- .k
practice will be continued in the ATEC facility since it is much more cost- 5
effective than providing digital magnetic tape recorders as separate paper tape R
monitor banks. The teletypewriter orderwires will have teleprinters cn-line L
continuously for each orderwire circuit. These teleprinters will be located in B
the area of the digital MC) patch bays to enzhle their being scanned by Tech - o -
Control perscnnel at the patch bays and to facilitate staticn operation in a fali- R
back mods. P

Voice orderwire recording will be accomplished through the use of T
magnetic tape recorders, Section XVIII in Velume 1T recommends use of multiple R <
track tape recorders in large ard certain medium-sized ATEC facilities and in- ;
dividual dual-track tape recort/ers, at each console position for smsil and some
medium-sized stations. The system requirements for voice recordinz in an -
ATEC would not require the use of multiple track tape recorders since the veice g
orderwires are not crilical in the respect of air-to-graound recording of all trans-
missions. In addition, the requirements for standardization are better fulfilleg
by provision of individual cassette-type, dual-track, tape recorders sr each

. e 3
console position, The dual-track recorder would store both sides of the corver- .
sation on one track and record the time, by the minute, on the other track. -& "".j
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The tape recorder Zonld only be activated cpom sccess of the orderwire by the
operzior; .e. the off-hook condition., The ceassizes shouid be replaced at the
ster? of each shit and during each shift as reguired. The cassettes coxld then
be merked with the date, pesition and operators and then stored in a centralized
condrol area. Tals methad of recording wonld 2Hlow Immediate selection and
review cf specific stered informsation or svents by selecting the proper casselte.
After 2 predetermined period of time, such as one or tw> weeks, the cassetie
coald be reased.

Recording of processor-to-processor transmisgions should be pro-
vided by meintaining the hard copy printouts of such data from the high speed
privder, or historical records meintained by the processing hardware. The
Cextral Cantrol operator would be responsible for review and release of the data
axd a fast prinfoat record can be mede and stored for an appropriate period of
time.

3.5.4 Orcerwire Subsystems

The recom:aendations mzade in the study tark on " I'eletypewriter and
‘oice Orderwire Systems and Equipment, '’ Section (VI in volume II of this
report, have identified four orderwire subsystems ‘o be implemented for the
ATEC system. The fcar subsystems are: (2) Intercomplex, (D) Intrafacility,
(c} Intersite, and (d) Intralink, The following paragraphs summarize the func-
tional and operational requirements of these subsystems and include consider-
ations developed as a2 result of system analysis.

a. Intercomplex

The intercomplex orderwire subsysiem would extend existing
express orderwire networks in one geographical area to similar
networks in adjacert geographical dreas, through use of existing
interarea orderwire circuits. Where such interarea orderwire
circuits do not exist, the AUTOVON network would be used. 'This,
therefore, requires that the ATEC facility be provided with one

or more AUTQVON user drops, paralleled at the console positions,
depending on operationz] requirements, to augment the intercom-
plex orderwire subgystem. This capability will erhance fault
isolation and correction.

b. intrafacility

The intrafacility orderwire subsystem would provide intercom voice
service to important locations within the ATEC facility, to collocated

e A, o
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foliifes, 2 to pesrhy 0fces 2nd aofiliios, The vse of Intezoos
will facilifate sit-doan comscle cpersticn by providing the comsole 3
voerstors wiih cooamenications arcess to a2 cperxticesl, main- A
tememce, eqinnert, supervisory exd stpport zress within znd
around the ATEC facility,

¢. Intersite

The intersite orderwire subsystem woald combine causiing dedizated
volce and nopsecure teleiyrewriter crderwires (o enable zecess from
the conscle positicns. These dedicated orderwires conpect (& com-

: municaticts sites such as: HP Transmifter and Receiver sites,

i LOS and TROPO sites, Commercizl Common Carriers, and stb-

! ordinate TCF's and PTF's. The orderwires to these sites may be

voice, or teletypesriier, or both; so that the ATEC concole oper-

ators will require access via appropriate termipzi devices. The

; study task repert recommmended comnection of these orderwirse into

: the intercomplex orderwire subsystem. This featare shonid be pre-
vided so that the console operator makes the desired commection and,
in turn, has override capability to access the conpecte:d vrderwires
when pecessary. ’

é. Intralink

The intralini: orderwire subgystem would extend existing link
ordze,rﬁres from LOS and TROPO radio equipment {when in col-
located or pearby areas) to the console positions. In additlion,
.~ other link orderwires such as HF voice and/or nonsecure teie-
P typewriter orderwires and orderwires on cahble circuits would be
eombined for selective access by the ATEC operators.

All orderwire circuits will be required to appear in the appropriate
paich bays to enable patch-through capability and also for testing and reroute
action if necessary., Duplicate terminal capability should be provided at the
patch bays to facilititate operation in the fall-back maode.

In addition to the orderwire subsystems, the consocle operators in the
ATEC facility will require access to the local telephone system. One or more !
subscriber drops should be paralieled to the consoile positions. This i3 neces- '
sary because there are usually‘a number of users which do not have orderwire
capability and, therefore, will coatact the ATEC through the local telephone :
network. ) :
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2.5  Spoecizt Comsisergfeos

TEis categoTy cooeiders Gose TegmiTemet zrees, of e ATHC Inxitty,
&art are of sthiective meptzme 22 re releted {o Bor ATHL syziem & Bt they pronide
recciremeets for zppiicriion 20d iTpiemerelisg In Leciivel 23ees sreviumdy
cscosses.

3.6.1 Line Cooiitiecing

Toe contracieal recoireses {or line condificoing, b B2 ATEC Sroility,
is fiat sutor=etic line conSticning ecoipmert is essemtis] 2o eoosideration of &is
suppressors. Secticn XIX, Line Ceodiiceirg, In Volmze 1, prorides 2o smeiysis
of state-ci-the-art mebods used in ine conditioning. While it =Xy be cozcinged
that antcmatic line conditioning eguipmert is essextizlly desirzble in the ATEC
facility, the results of the evzinztion are =t sutezmztc lins condiloning is,
at present and in the foreseeabls fotnre, ceither technicaliy eifective oT oost-
efHective. The ase of antomatic eguelizers is pow oaly a rezlizetion in a few
trpes of modems - those which provide for cperation et &880, €770, 7200, or
8500 bps. The design of the sutomatic equeaiizer is integral with the mocniation
or zigual pla2n employed by the modem. The mamiacturers making these high
speed modems have their own proprietary Jesigns ard ro two are the same. To
make use of automatic egualizaticn at ar ATEC faeility woaid thereiore infer
that the modems wouid be jocated at the ATEC. Bowever, this is pot the rzze
in the present sitoation. The modems are locaied at the user termnzls and
provige for eng-to-end gualization. From a systems siandpoint, the ATEC,
ideeily, abould kave the capability for providizg automated equalizezs on channels
which could be automatically set upon applicaiion of z test or probe signal.
Although this is technically effective, it is not cost-effective since it would
involve new hardware desigh and deveiopment. The present metbod of providing
line conditioning equipment, ob certain telecomnmunications channels, at a tech
control facility, couid be greatly enhanced through introduction of the multiparameter
test set. The preponderant problem with the present method of providing equaliza-~
tion at a tech controil facility is that tle devices have limited compensating capa-~
bility and the tech controlier doee not know how much harm or good is being done
to the signal in question at any particular moment. While the multiparameter test
set will not entirely eliminate the problem, as stated, it will provide the tech
controller with a valuable tool to be used in channel investigation ard, in the case
of quality control, to provide assurance that the channel is meeting established
specifications and will do 80 in a few minutes rather than in the 10 to 30 minutes
now required for testing.
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The comteotued regmisennentt for optsed st ot i She ATEL Snefliea
iz Sxn the rogmirererg for 3 sawTd £Otion olnck mmest b reoopzived wnd emadigted
Sor the creeBun o 2 eridwids syohmirizes wixtiom SAock ST, Sectior XX
CemiTed Sofoan Clock, & Tofrme 5, pressots im soelyedis of pmesen? znd sorts-
Cipeted fmure copEidinties v e pren.  The smndcimdard ATEL Sister 3T ise
the fwivis] 2s weoll &5 foe eTenmr! CincK regmiresnan’’s of ATSL st B oocosiienn
w33 e clock requirerects of Se corormmitrtioms fprflities sk B iz 2o contel.
TE22 is. o T greziast eriem: possible, the sguroes of steaderS Deqmmey, szadesd
timirg oo sizoierd Lime for ATEC st e Be seooe 25 Sose Ine Be posccistsd
oomTramicsiions egndpemertts 2ol facilttes. TS ioporoecd Wil el iz oésirme
trz=siziion ecTors, semolitg ervors, or refersoce eryors bBeing vivedacsE Ly e
. ATEC egzipmests zd tectinmes expioyed o7 mociiorizy zoc testingy. Heoce, 2
cesArii stxlicn olock is iEradineed 2nd irplereried oo 2 worideide tesie, ior
ose by comummmmicetianes petworis axd fpcilities, I will be =2oceticeliy emplogeg
by t2e X3TEC Svstem.
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1t shoeld be ciezr from the zbove éEscussiod 2rt 2 Semtrel clock will oot

e {=trodocsed solely for ATEC vse. Varioos fregmesey z2nd e SoCrees 25¢
recaired for 2n ATEC fzcility in such eqnipmernts zs distortise messtricg sels,
) treasmission measorirg iest sets, VT ckasoel erelizers. ckenrel break om
1 y mozitors apd cther similar monitorizg 208 testing devices. It is necesszary, aiso,

LI to include a rezl time clock as a source of both Zulu time and local time for pro-
cessor use as well as for ase by cperationz] persencel in time t2gging and icggirs
activities. These various individmal sources will suffice in accuracy and statélity,
but can be slaved fo, or repizced by, oufputs from the centrzl station clock: wken
it is acded as a result of com unicatisps requirements.

3.6.3 Standardizaticu and Modularization

: The contractual requirement for stardardization and modularization, in the
ATEC facility, is guoted as follows:
: = nSiandardization must include the standardization of functions

SR and parameters as well as equipment. This does not mean
S that the same quantity of equipment will be placed at each

P installation, but rather that if a device is required, it will be
the same device everywhere, performing the same functions
and measuring the same parameters. All equipment and
consoles will be medularized for all tech controis. In addition,
modularity, like standardization, must also be considered on

a functional basis. For example, at large complex facilities,
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o s b cxrmuned ower iy nad dipas eoomanicor,
Frr Qs oves Tmdop sud gt Sunedines does 2ot mene
B2 g and Sger] Qmemians nent Se sHunierhy conitimed

zzr Soee T ey ® sequidteanent frr ping erassed Lo domdie
myfulng S Slest Ifcocomicior. ¥ Sowrves, 18 smpler el

D ramied Tihog, exmitmmest sandudeehs £, She Duldmp
Bt comepd i mrnmtey Lo promll 2 erefer mmdee of
modrizs & be oned op e soafier oty end Smethom?

Sesir muitryity 25 tegrined 5o Sut Be oodniies sk o

TG £29 T Sose Dedied o seTmse Dy Saeginr

To regriremerty oo Spher Ed modiizsinetion dve baey gy
Hpted 23 GesEz ouds STunrhos e coumye of She EXSTiAm sondy viaite. Lish
sqrfyomer, ettt and sFstesr oenitceing Inee mped SErhoms slves of teod confteis
&3 podels ix cavedasiog tnsSRere reqrivemenes.  Centrz] ooarred, Sefesmaery quis-
wEE stenderdieiion 2od rodZermetion,. iz the desirn regiremsese for Shsoizy
26 cortrol. TRe resalis of esc® of Deme sindy neks zre doomrented it Volmme 2.

The vigirerert for stercrraizstion of fmetices 7ad prrameters, 25 Wel
25 egripement ta2s 2lsc tesn comsidered in sysiets desipe of tRo fypical ATELC ZoRilv
This typicel ATTEC facility o2 Se seeil| me@Eo= or kzrge dependicr oo quuiities
203 bypes of eincaiic and operzticss) regmiremecis. & Ikxrge ATEC feciiity socis
cooceivebly tzre 2l Gipes of modnles zzd meticmel recmirerments specified bor the
ATZC system, wihile 2 madirm or szl ATEC facility wonld oaiy meve Bose
modales specified for cerizin gperatiosel copebilitics. I mmsi Se capzble of
coordiration zrd control with users of commuricaticas services focloding AUTODN
and AUTOYON) 2nd with sites providicg teletommanications media foclnding 105
microwave, iropospheric scaiter, satellite eprth terminal, submarsine cgble 2nd/or
local or remot: HF frapsmitier and receiver sites}. Cioordineticn and conirol, with
any of these many types of facilities, reguires tkat operatioral functions be stendardized
in the ATEC facility to enable the operators to view the users and communications
links as a network. This network handles a variety of circuits ard sigpals with
differing prior.tles among each type. The present tech control facilities have
standardized handling of the circuits by logicaliy dividing them into digital and
audio categorics and placing minimum perfermance requirements on the communi-
cations channeis. The ATEC f{acility continues this standardized methed of treating
circults and improves upon it through use of autemated and modularized equipment.
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of the pregres B2 2re aonioatles Ior opeTEiions = et oimdy. :

- SzderdSzatior with respic: 1o meris Selection eriteriz will be regmired

N 2s part of the ixdividesi eqpipmens specificztices or 2oy zew Rems. The seguire-
IR me=t il be in zccordzzce Witk WIL-T 158D, peregrzp® 3.3 L2, irglememtatico

- of thece stzpdard@zeiicn regoirememns zimed 5t eese of m=irtenznce 203 ecomomical
. suppiv seppos’, throngh mipimizedon of nomstandard parts, sill be achieved by .
evaloztion during the eguipment Gesizn and implementation phase. This will be ‘
L accomplisded by kavirg copies of advance material ists. materizl requisitions
: , and Bills of Materizls, reviewed apd anzlyzed with respect to standardjzation

A reguirements of 3JL~E-2138D.

3.6.4 Reliability end dMaintainability

The contractual requirements for Reliability and Xainiainability (R&M)
are as specified in CDRL item B006 and B007, respectively. The result of these
requirements is contzined in a document titled: "ATEC Reliability a~u Maintain-
ability Analysis"; which will be submitted as a separate data ifem. R&M analysis
is to be provided for each individuzal equipment and for the cverall ‘ntegrated
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dsmmrc&gzmaﬁm Zhemmart pRTiyT=nomE, ¥ grbceisi JugTa-
Gator i tade oimde with evensral HEE-F 12 the coomisnely mapmmt mode of
TCT cperatien.

The gzoezel gretell modfidey Gealem of the ATEL fzojliity Srectiy scprorts
s obleckive. The modnlarity relzfive & semkers, scarmers, zzzlyzerss, Tocilor/
tzz2 Boses zod &Esplays speciBically comtribtes o tve prevectice of cetesinep®ic
ATEC =diiity fzik=res. The oxlv sipmufices soinoratiliy mey be sitribxmed o fhe
emmploymer of z sirgle processar and the cze of switekEng for patodirg parposes.
foz=ever, ibe swiichizg is coxroietely recandard with the manmal patcking which is
being updzied in the ATEC izcility. The processor caa be completely divorced
from the system for 2 short nime provided that sufiicient datz (eormiiy retaiped
in memory and updated by tke processor) is maintaiced current in the {orm of
hzrd copy printouts. .

Failures of a specific sensor, or of a group of sensors (by virtue of
failure of ¢ common module), will only zffect the monitoring of a limited number of
esiipments or circuits. The individual sensors are to be designed such that g
failure of the sensors will not affect the equipment or signal beirg monitored. Aiso,
& certair degree of redundancy exists relative to monitoring; e.g., circult monitor~
ing will also detect most equipment failures, although less effectively. Similarly
the failure of a single scanner or analyzer will only affect the monitoring of those
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J 2 red Sreeheld vaines, tp esiabiich circx pesinzrroe. The Atlor=gic Digited
-3 Ciromit Jrelyzer is capziie of free roming firdepesdest of processor contred)

y coerstizz 228 ©ill provide dirent resdocts of cisTsit siztns viz g telefypemTiter

ca e

- Iz 2&8iten o the 2bove cenebilities, the vzrices meintendree indicziors

T on zctzal communicztions eqnipment cebiness will still be avaiizble for operaior

moaitoring. In fact, these indicalors and aiarms shouid be monitored more cos-

S scienticusly suring ATEC degradations or failures. Alse, as aewer equipment

o designs are introduced, by way of new syutem installations or syslem upgradiegs,
it is expected that far better fault deteciisn and isolation {viz indicator) to the

| 2L Lowest Replaceabie Module (LRM), will be included.
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Access to Individaal circuits for moritoring, as weli as testing, can also be
achieved via the various monitor/test buses. Suck access is normally accomplished 1
by the processor, but in the event of processor failure, access can be accomplished
by manuzl patching of the desired circuit menitor jack to the monitor/test trunk
appearance st the patch bay. These monitor/test trunks terminate at the Status '
: Monitoring Consoles and at the Quality Control Console where the desired measuring !
: instruments can be connecied. '

o .
.

- —— - ————— . -— PAR Y -
~ i ———— -

PR - . - by e - e »t




Ty

iy

MA AL THL Y v

Irpooond petch sty @ict e Detng Yoot 1os the STVL Snxiite
Jripr Yo TeTwr ot 3 oy divmet h She mmrner?, Inch-ogp medie of opesron.
Thene setr® penuir peoile S ot ond ommpiiets Sesfiler O sewtectns
=5 syrotfiny.  The semfeed Ilierter Sohew wihen Soeimpted | 3Searfils S
st petr SR4c rre o e dveilr udehed Uy sElindtng.  The ewbivhing ¢ derned
sy St 23 ety aomectinns e swrnnned ¢viSoer e o= She eveet of v
eapociesd febore: $e | Ziivve of exitcione saufipme, motERnIy, U powes.
2 dptyry, o mo-3rerl power Sortern, 55 speeiSarhs semdied o rhe cwiiseh
cermearSims onS Shelr rsoocinsd dnfepire. 3o She e of soucenios Sabnee,
T Wrperr i Log mnder She n¥ oy et o5 Sops 43 pruside Se
JenpZe of Shepe exisy patvihes. 2 shoeds 2ias be el Sor Sie puosiing Fewioiny
Zwre bews Sesfippad anct St 3 smenred gtk St gttt ooy oo B aoccorgissieed
vz Swrgk Se apprericoss dTe fvends seiiched fndhoytoes 200 Emimeacy
Srmce, i She erent of fpfirme, crumections St 272 pireads esfidfieded tr ewmshiny
cx B reccafisrTed o secyorectiad by roownd puesdig.  2las, 2 ok secs ol
bein's momor Incds fo paoo? coeMurihr wud testine, srreiorieriy Byt moyammed
er 5B~k mode of copzfor.  Thewme meefttr fucks ax Be acceseed i momecing
emiprentsy efiter Hrecty 22 the el Bees, o v B moxitro Rest mis o She
ccoucles, 2z discrited 12owe.  The codermire aqripmrrrs o senftny poistacs
Srzsaniiy knoptad B the ooreSine 2T phec Swrther SpiEriste $he mornal mode of
epezition. COber mers of cocorfimalon oo mmriession) aeng coeTIioT oeeitisns,
= PR meiztemgere ond sergeToest slements| 33 wel 25 WD otber foilitzes
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2o Ceperd oot tRe processoc oF ¢tler ATEC elermemts ior cperatian. TRES is of
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Tte coerator poZitions, or cecsoles, mbick are provided for Sietes
Wonioring, Qrziity Coxtrol, zrzd Cemtrz! Comirol, zre zl! tesiczllv similzr. io
izct they 21l exploy Identical iRerective termingis {CRT display 202 kesbezrd;,
rear projeciico slide viewers, teletypewriter sets, test huses, z2nd intercom 23
orderwire onits. 182 o=ly maior differencee 2re: i) TEe more externsive test
ecnipments at the Guality Conirol position, {2) The lack of test equipments and
test bases at the Central Coxtrol position, and {3) The high-speed printer at the
Ceztral Control position. Alse, zll positions are coanected io the processor in the
same manner, and are acdressed by the proceszcr in accordance with the identity
providegd to [t oy the positios. Hence, any position can essentially act as any other
pcsition (upon so identivirg itself) or as any other two positions (again by proper
identification). Therefors, a failure or taking out-of-service of cne position has
only the {ll effect of increasing the worklozd at another position.
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S.% Szopor: Requirements

Tie sapport requirements for the ATZC faeiiity include: sleetrical power,
ezviroomentzl conditians, electromagnetic compatibility, training, and quality
m provistons. The {ollowing parsgraphs provide the requirements for each
¢ bese topics snd their relztion to the ATEC facility.

3.7.1 Power

AT YOS oS ASTIIAYS IO A

The contractuzl requirement for the ATEC facility slectrical power is that
the system is to be designed to comply with the criteria of MiL~-E-4iS8D. Para-
grsph 3.2.3.2.3, Electrical, of MIL~-E-4158D specifies, in attendant subparagraphs,
reeirements for electrical power source anG equipment design considerations.
Since the ATEC facility must be capable of being installed at military sites around
the world, the requirement for AC power source voltage must be adaptive to existing
elsctrical power at these sites; whether commercial or base supplied. The require-
wment for AC equipment operstion will usually be 115V, 1§ but to establish bounds
for equipment specification purposes tae requirement will normally be stated that

terminal unite (including crypto for secure teletypewriter orderwires), and tele-
metry termirais handling and controlling remote terminal units, it is imperative
that uninterrupted operation be a equirement. This requirement can be met in
several ways. One would be to build-in the necessary uninterrupted power genera-
tirg devices, {i.e., rectifier-chargere and battery banks) as part of certain
equipment. This would satisiy the requirements of MIT-E-4158D, but does not

. satisfy the requirement of uninterrupted operation for the ATEC facility as it ia

P - functionally conceived. Another consideration is that some squipment requires
AC nower exclusively for operation so that use of battery banks would not suffic.
in these cases. The best methed of assuring uninterrupted operation for the ATEC
facility is the provision of & uninterrupte? (no-break) AC power source to supply
the techinical AC power load.

:

5 the equipment is to oporate on 15V, +10%, 1f, 50 - 60 Hz, + 5%. This i3 in line

£ with most commercial applicaticns and off-the-ghelf equipment; however, the

{

i individoal equipment specifications will still govern and an anslysis mrust be made
at the time of procurement to decide whether a different AC operating voltage
characteristic is justified.

f For the ATEC facility, which will include electronic equipment, data pro-

E cessing equipment, mass memory devices vital intercommunication and orderwire

®

§

;

WY

Many major TCF's (and therefore candidate sites for ATEC facilities) now
have rotary type no-break power units installed and supplying (or paralleling) the .
technical AC power load. For these sites, an evaluation wouid have to be made, i
by a field survey, to determine the acceptability and capacity of the no-break unit
for use with the ATEC facility to ke installed. For TCF's which have no uninter-
rupted power source (or the no-break unit is found to be inadequte) an AC-DC-AC
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converslion no-break unit is recommended. This uniutercupted power system con-
sists of AC to DC rectifiers, fed by comxmerciul or base jover, feeding (in parzliel.
a hattery bank and motor-generator sets for DC to AC coav: rsion. The AC is then
fed to the AC tech power panels within the ATEC. This AC wc-break systarm ie

the most reliable kaown and would give the ATEC facility at least I5 minutes ot
operation, off the battery bank, upen failure of the primary power scurce. This

is adequate time to activate the asuxiliary power generators surmally provided for
comm facilities which would then feed AC power to the rectifiers of the po-break
system until restoration of commercial or base power. The isolation of the
technical AC power load from the primary power source, through the use of bat-
tery banks (which may be considered a static flywheel} zlso satisfies the require-
ments of MIL-E-4158D for operation through pericds of primary power fluctuation.
This aiso means that commercial off-the-shelf equipment can be used in the ATEC
without imposing costly redesign to meet the rigid specifications for transient
state, power interruption and power outage.

Consideration must also be given to not only operating nnder the conditions
mentioned above, but alse to knowing the condition of the primary power source;
i.e., the primarv power service delivered to the ATEC facility. Monitoring wiil
be required for voltage and frequency of the primary power to detect variations
which might cause other problems. In addition, monitoring of this type should also be
donie at remote and local sites providing telecommunications media. The effects of
primary power variation on HF, tropo and LOS radio equipment can result in com-
munications channel perturbations which could ordinarily e ascribed to the com-
r:unications equipment.

3.7.2 Environmental

The environmental service condition requirements for the ATEC facility
will be essentially those which are normally provided for a fixed plant electrenics
installation. The following paragraphs pravide 8 discussion of the various condi~
tions and their relation to the ATEC facility.

The climatic temperature conditions of the area in which the ATEC facility
is to operate will vary according to gecgraphical and topographical J-cations. The
ATEC facility will be housed, or sheltered, indoors for operation and, for the purpose
of establishing a mean, a temperate climatic zcne will be used as a reference.

The ambient temperature for operation of the ATEC facility will normally range
between 70°F (21°C) and 80°F (26. 5°C) depending on area and operator comfoxrt
provisions. In temperate and tropical zones which will have high climatic tempera-
tures in excess ol the requirement for operational ambient temperature. air con-
ditioning will be required. In temperate and arctic zones, or in the case of high
elevation, which will have low climate temperatures, heating will be reguired.

The amount of air conditiong and/or heating required for a particuler ATEC facility

—

174

l.

et wme e A o AP

. epe v




et b inggueaenh i awh Vi

- . .

Aithe = 01T A AU MV /A SIS S S S R AT WRNTTE Y

F

will be determined cn e per siie tazis. Equipment design for the ATEC {acility
st teke the operaticnal amblent temperature into account and aiso msake allowance
for operaticu outside the normal range. Commerciel, oﬁ-t%e-shelf eguipm%nt is
oerally sg“:lﬁ%d for operation over such a range as 32 F (0 C) to 104 F (40 3}

or 10 122°F (30 C). Tkc lialvidual equipmem specifications wiil specify the opers~
tizz amblant temperature range requirement based on equipment design and function
in e ATEC system.

The regairement “or rolative humidity in equipment and operating spaces

P23 nsually been st at 50 percent with an zilowable variation of + 20 percent for
perscane] somfort ard equipment operation. In areas of high temperature and
Enrdlity, the air conditioning system provides removal of molsture irom the air
ard tis lowers the relatize humidity to an aceeptable level. In areas of low humidity
exdor low temperatnre recgairing heating o the operational spaces, humidifier
==its will De regaired to bricg the relative humidity up to an acceptable lovel.
Com=mercizl, off-the-shelf equipinent is neually specified for opersation over a
rarge soeb 2s 10 percert R.E. to 90 percent R, H. The individual equipment

ificztions will specify the operating rarge of relative bumidity based or eguip-
—e=2 design ard fumctions in the ATEC system.

Tke requirewaent for operaricn &t various altitudes imvolves the atmospheric
pressSTro 2t thece elevations and the cpereating rarge for electronic equipment is
zor=eliy o2t from 39 in. Bg (762 mm Bg) ot se2 level $0 20.3 in. Hg (515 mm Hg)

2 B 270 {ext. This rarge of alti*ide is safficient to irclude any elevation at
=gick &5 47 TC facilisy might be lncated. The individual equipment specifications
will srecif, ke o-rating range of alditede based on equipmert designp and funciion
= e 270 sy=2em.

The zomiprmesy i e provided for the ATEC facility must alea consider
ceTzhon is 2 52t or corrosive atmosphere ard ar enviranment which may have
As3t goucies 1 the zir.  Also o be considered is protection 282inst furgns.

Toe profems of cperstisg 1= 2 corTosive stinosphere or dusty ervironmant are
iouls whes amipmens frootons or éesizn depernd npon metsl-{o-metzal contacts
uinc: =z cerrode or besome dirt cover<d so as o prevent or lessen operational
cazeselity  The couipinesi st pot be built #ite materials that may canvain fagus
nmTiests or, I gese mo other material will ruffice, be previded witk protective
emhns o exnosed surisces of tiose mmerials. The individual ecomipment
soecnSormon: »il speedy e rumiremenms for these service conditions based

o, sTT et desizh B26 fmncii e i e ATEC system.
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Lot Lt CiTed o 3 STELET ERE.E 2DC RidC o 2 oEv.ocs! ecripDest lesis.
—— —— o

L)
i1 2Tl Ao TE. rEreoil me.ucterznce ooz, T ofkeT € czl demcas




PR L

will be required ic have minimal interference genersting capability to be compatible
with the ATEC facility. Electrical devices found to have detrimental sifects upon
ATEC equipment wili be required {o be replaced with noniaterforing devices; or
will be shielded or filtered, or both, to bring interferring pignals down to an
acceptable level. The ATEC equtpment must alsc be designed so as not to be
susceptible to normal radiating sigrals from other equipment or sourcss in the
ATEC facility. Electromagretic compatibility requires that equipment, which

i3 connected to make up a system, neither generate nor be susceptible to inter-
ferring signal levels. The equipment must cperate satisfaetorily, not only
independently. but also in conjunction with other equipment which may be located
nearby. The individual equipment specifications will specify the EMI/EMC re-
quirements based on equipment design and function in the A'TEC system.

3.7.4 Trainixg and Personrel

The contractual reguirement for training and personnel, in regard to the
ATEC facility, is that any specific training requirements for the tech controllers
and maintenance personngl wili be identified. The ATEC facility, because of the
installation of complex equipment and consoles, and new operational concepts, will
require instruction that is commensurate with the gkill levels, experience and
ability to assimilate training that characterizes the type of operational and main-
tenance personnel presently assigned o tech control facilities. Section XVII,
Human Faetors, in Volume II has analyzed the capabilities required of tech
control and maintenance personnel for the ATEC facilitv. The following paragraphs
provide a discussion of specific training and personnel requirements.

The specific training requirements for techk control personnel will
concern the functions of the ATEC system, understanding of electronic data pro-
cossiny as applied in the A"TEC system, and a thorough knowledge of console
operation and functions as provided for ATEC. The ATEC facility will engender
new procedures stemming from the enhanced capabilities of monltoring and
sensoring. The cenirai conirol personnel mist ¢ abls to make changes and update
the computer data base for both record and report generation. The status and
monltor persoanel for system, link, circuit and equipment must be able to
apalyze display information and make degisions based on asrior! or near-real-
time data. Finally, and perhaps most important, the ieck controilers must be made
10 understand that the ATEC system is semi-zutomated, not 2n automsatic, system and
that the facilities provided are to enhance the tech controiler's capabilities and
are not to replace them. The man-machine interiace is still as important as it
ever was, with the tech controller as the deciding link in the feedbazk loop furction
of the ATEC system.
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The foliowing is a listing of nominal training requirements for operator
psrsoansl at ATEC facilities.

POSITION TITLE FORMAL TRAINING CiT

Shift Supervisor 100 hours 8 months
Central Control 80 hours 3 months
Status Monitoring 60 hours 1 menth

Quality Control 80 hours 1 month

Tech Centroller 60 hours 1 month

The specific training requirements for mairtenance personnel will involve
the functional and performance characteristics of the ATEC system and of the
equipment provided for the system. The meajor items requiring instruction in
preventive maintenance, and in localizationr, isolation and repair of failures are:
{a) processor and peripheral equipment, (b) display and control conzole equipment,
(c) switching matrices and ancillary equipment, (d) sensor and telemetry equip~
: , ment, and (e) specialized test equipment. Each of these may be considered a
2 separate area for instruction or specialization, however, all wiil require a hasic
: knowledge of sclid-state anl switching equipment troubleshooting methods.

The following is a listing of nominai training requirements ior maintenance
3 personnel at ATEC {acilities.

DESCRIPTION FORMAL TRAINING OJT

_ Electronic Digital Data
: Processing Repairman . 200 hours 2 months

Microwave and Communi-

4 cations Relay Center
1 Repalirman 40 hours 2 weeks
4
£ Wire and Inaide Plant :
s § Cabie Repairman 20 hours 2 weeks
B 4
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The skill level requirements, fur the operational and maintenance perscnnel
in the ATEC, wiil be commensurate with those normally assigned to the present
TCF's. The present Air Force TCTF’s utilize operational personnel in the AFSC
(Air Force Specialty Code) 307X0 career field (the X" designating the skill level).
The skill level of theye assigned tech controllers usually varies from 3-level for
airmen, to 5-level for sergeants and stzif sergeants to 7-level for tech and master
sergeants, and to 9-level for senior and chief master scrgeants. The quantities of
each skiil level to be assigned to an ATEC facility will obviously depend upon the
operational requirements and size of the station. The status monitoring and quality
control console positions will nominelly require 5-level operating personnel but
3-level perscnnel, with appropriate OJT (On-The-Job-Training), wiil be able to
operate the consoles and perform the required functions (with supervision for
unusual situations). The central control console position will nominally require
a T-leve! tech controller but 5-level personnel, again after appropriate OJT, will
be able to operate the consoles and perform the required functions. The 9-level
personnel will continue to perform the tech control administrative and supervisory
functions presently assigned; although these perzonnel will also need to know
facets of each operation and function in the ATEC.

The maintepance persbnnel presenily assigned to Air Force TCF’s are
usually in the 304X0 (Microwave and Communication Relay Center Repairman)
and 362X0 (wire and Inside Plant Cable Repairman) career fields. To these, for
ATEC, will be added the AFSC 305X1 (Electronic Digital Data Processing Repair-
man). The skill level of these maintenance personnel will vary from3to 50 7
to S, depending on the quantities and typee of equipment to be maintained. Normal
maintenance functions will require 5-level personrel but 3-level personrei, with
adequate OJT, will be able to perform maintenance and repair {(with supervision
for unusual situations). The 7 or 9-level personnel, if assigned, will continue
to perform the maintenance administrative and supervisory functiong presently
assigned, although they wili alsc be required to irow the theory and uperation of
the ATEC system/facility and equipmenis.

The following ig a typical listing of nominal skil] level manning requirements
at Air Force ATEC facilities.

ATEC FACILITY SIZE

POSIT}ON/DESCRIPTION AFSC SIFALL MEDIUM LARGE
Shist Supervisor 30770 1 1 1
Central Centrol 30770 ! 1 1
Status Mornitering 39750 t 2 3

o)
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{Typical Listing Continued) ATEC FACILITY SIZE

'3 POSITION/DESCRI PTION E_S_E SMALL  MEDIUM LARGE
Quality Control 30750 - 1 i 2
Tech Controller 30730 1 2 3
Electronic Digital 30571 0 0 1
Data Progessing 30851 1 i 1
Repairman 30531 0 i 1

; Subtotals 6 9 13
Total Personnel (X4.2 Shifts) 25 38 55

3.7.5 Quality Assurance

The recognized principles of Quality Assurance will be a requirement
in support of ATEC facility implementation. In accordance with provisions of
AFSCM/AFLCM-375-1, "Configuration Management During Definition and
Acquisition Phases", Exhibits I and II, requirements for formal tests and/or
verifications will be included in Secticn 4 of the system specification and indivi-
dual equinment (CEI) specifications.

The requirements for QA in the system specification will include Category 1
and Category II testing of system performance, design characteristics and operability.

Category I tests/verifications will include both in-plant and integrated
system testing. An analysis of Category I test requirements indicates that
Engineering Test and Evaluation in support of design and development activity
will not be required. Formal Qualification Testing will be limited to the contract
end item level, with the exception of components designated as Engineering
Critical Components, which will be individuslly qualified. Demonstration that
the required system reliability has been achieved will be accomplished by data
i analysig. The data item "ATEC Reliability and Maintainability Analysis", will be
: used to establish the format and reguirements of the data analysis.




Category XI (or equivalent) system testing will be defined for an integrated
test of the complete ATEC system In the final environment. Category I tests will
oe specified in acoordance with approved test plans developed to demonsirate
compliance with the reguirements of Section $ of ths syatem specification.

will include verification of performance, design and construction. Verification
will be accorplished by inspections, demonstrations, or tests of the requirements
of Section 3 of the CEI specifications in a Category I test.

The Category I test will include all testing of the CEI required to satisfy
the requirements of the specification. Engineering Test and Evaluation to verify
interface requirements in a subsystem configuration will be included in a Subsystem
Test Plan. Preliminary Qualification Tests will not normally be required unless
specified by the pracuring activity. Formal Qualification Tests will include
inspections, analysis, demonstrations and tests necessary to verify requirements
of Section 3. Reliability Tests and Anslysis will be performed to verify reliability
requirements in Section 3. ¥f any of the components are found too critical, then
Engineering Critical Component Qualification Testing will be specified for that
item. Category I tests will not normally be required unless requirements con-
tained In Section 3 cannot be verified until the CEI is assembled into or used with
other system equipment. Such requirements, however, will te incorporated only
upon specific approval of the procuring activity.

&,7.6 Test Equipment

The test equipment {Maintenance Ground Equipment) requirements for
the ATEC facility wili encompass those devices required to restore the system,
subsystems or equipment to cperating condition. The test equipment recommended
for usa by maintenance personnel has been delineated in Volune II, Section XXI,
Maintenance Test Equipment. Provision of these items will be subject to approval
by the procuring activity.
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SECTION V

ATEC COST-EFFECTIVENESS ANALYSIS

1. INTRODUCTION

.....

sssessment of the benefits derived from its use versus the resources expended for

its implementation. In general, since total resources of the nation and the Department
of Defense are limited, it is mandatory that the Government invest in those systems
that achieve the highest level of effectiveness or'payoff''. By selecting those systems
possessing high relative payoffs, the total resources of the Government may be
conserved and maximum effectiveness achieved for a given budget.

The ATEC cost-effectiveness program was developed with the same basic goal:
to maximize the efficiency of a given investment in an ATEC system. To achieve this
goal, a coordinated program to assess eguipment, subsystems, systems, functions,
and station types was undertaken. Each decision involving selection of equipment
items, measur:>ment functions, and subsystems was accomplished on a cost~-
esfectiveness basis.

2. PURPGSE AND SCOPE

The ATEC coet-effectiveness program was structured to provide for the develop-
ment of methodology adequate to assess the benefits relative to cosi of implementing
aiternative ATEC systems. Specifically, the program was designed to accomplish
an cptimal ATEC based on maximizing the return on investe?d Capiicl.

3. METHODOLOGY
3.1 Cost Model - By ATEC Function and Site

To adequately assess the most effective ATEC functions ang facility size, it is
first necessary to calculate costs for these functions and differing sized sites/facilities.
The methodology employed in this costing operatior is quite straightforward. The
equipments angd systems required were listed anc the costs devsioped ia the equipment
amd subsystem costing phases are merely summed and added to the coet of urigue
marpower, training, and replacement spare requirements. The total cost by site apd
function is compared with the discounted cost savings due to marpower econnmies and
increased circuit availability. The return on invested capital can then be calculated
on an aunual basis.

e




3.2 Measurement of Effectiveness

The components of system cost have been expressed in dollar terms. To
compare the cost and ""revenue' components during implementation of an ATEC
system, it is necessary to obtain an economic expression the the benefits of ATEC.
To accomplish this, the econcmic benefits from ATEC were derived from the savings
in manpower and circuit avallability due to implementation of the system. The
savings in mau hours were equated to dollar terms by assuming a wage and benefit
rzte of $7.80 per hour. The dollar savings in circuit availability were obtained
by multiplying the time saved (per circuit), due to employing ATEC, times a rate
of $8.40 per circuit hour. This rate was derived from the DOD Rule-of-Thumb
Pricing Guide for Military C-E System

The essence of cost-effectiveness analysis is to compare the cost of obtuining
a capability versuge assessing its benefits. This analysis has expressed beth cost
and effectiveness in dollar terms. To assess the "payoff'" from ATEC, the return
on invested capital was ca..ulated by site and function. The results of this analysis,
which are presented in paragraph 4 of this section, indicate some most significant
implications for policy towz:d ATEC.

The ATEC system was divided into functions In order to facilitate the measure-
ment of system effectiveness = well as effectiveness of the individual functions. The
following represents a lst of the functions:

Funetion ] -
@ Fault Detection and Isolation
Functien 2 -

6 Equipment/Link Monitoring
Function 3 -

® Automated Patching

Function 4 -

2 Reporting

Function § ~-

® Circuit Qualification and Testing
Fuaction 6 - N

3 Re.moie Site Equipment/ Link Monitoring

Appendix I, Volume I, of this rerort contains the detalls of the cost-effectiveness
caicalations. The follc ving subparagraphs summarize the methodology employed ip
the delai.cu caiculstions.




3.2.1 Effectiveness of Functions

3.2.1.1 Function 1 - Fauit Detection and Isolation

The results of the caloulations show that the largest savings are obtained
by implementing the fauli detection function. This saving is largely due to a recovery
of indeterminate outage time, This may be defined as the time from the occurrence
: of the failure to the time it is reported to or observed by tech control. For DC
g circuits in the present manual system, this cutage time was estimated to be approxi-

mately 11 minutes and consists mainiy of the time it takes an operator to become
aware of the fact that a failure has occurred. This delay is caused by the lack of an
e‘fective means for detecting a fault on an operating circuit. For VF circuits the
indeterminate outage time was estimated to be 63 minutes. The rationale employad
here was that voice circuits are not used 100 percent of the time and for some
circuits this idle period could extend up to a period of several hours. The dollar
savings in thie area is $21.06 per year for each DC circuit and $798.58 per year
for each VF circuit.

PR VTRRS
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The fault isolation operation is in two parts; first is a determination of
whether the failure is within the facility or external to the facility and second, if it
is within the facility, a determination of what equipment has failed. The savings
for the first fault isolaticn function is $40. 34 per year for each DC circuit and
$125, 30 per year for each V¥ circuit. The savings for the second fault isolation
] function is $11. 87 per year for each DC circuit and $34, 32 per year for each VI
circuit.

The total circuit outage cost savings for Function 1 is $113.27 for ench
DC circuit aud $958. 20 for each VF civeuit,

AR

3.2.1.2  Function 2 - Equipment/Link Monitoring

Cm mw e e

The savings due to Equipment/ Link Monitoring is again due to indeter-
minate outage time. However, savings are not as great as in Function 1. This can
be observed by examining the distribution of failures as they are observed at one
node. Ninety-two percent of the failures occur external to the node, while only
eight percent occur within thz mode. Since Function 2 involves monitoring equipment
' within the node, it can only be slightly more than 1/10 as effective as Function 1
i because of the failure distribution. The savings attributable to Function 2 are 30. 44
per year for each DC circit and ©8. 28 per year for each VF circuit.

. 3.2.1.3 Function 3 - Au‘omated Pziching

The savings that can be obtained from a2utomated vatching are in two
areas, a reduction in cutage tin:e and 2 savings in the manpo..ex required to
accomplish the patch. However, theses savings are only avaiiable when patching is
necessar, at the ATEC facility in rastoring the failed circuit th service. An analysis
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of the information available cn Fuchu Air Station ylelded an average circuit of 1000
miles in length with 9 nodes. By arsuming that the ATEC was the middle node and
analyzing all of the possible combiaations of patehing, the ATEC was involved In
patching 1/5 of the time for failures external to the ATEC. The total savings for
Function 3 are $7.78 per year for each DC circuit and $17. 02 per year for each
VF circuii.

3.2.1.4 Function 4 - Reporting

The savings obtainable by automating the reporting function occur only
in the reduction of the manpower required to make the report. Outage time savings
arc unattainable since the report is normally constructed after the necessary
restorative actions have been completed. Since outage time savings are not a part
of the savings for Function 4, the difference in vlaue for DC clrecuits and VF circuits
has no effect. The savings are $20. 88 per year for each circuit.

3.2.1.5 Function 5 ~ Circuit Qualification Testing

There are three areas where savings can be obtained by automating this
function: {esting as required as part of the restoration; testing as required as a
quality control function; and the reduced outage as a function of increased effectiveness
of the quality control function. The summation of the eifects of all of these taken
together is a savings of $76. 5! for each DC circuit, and $32v. 73 for each VF circuit.

3.2.1.6 Function 6 - Remote Site Equipment/Link Monitoring

The addition of remote site equipment/link monitoring resuits in some
savings that have been obtained at the main ATEC facility. The interaction is in the-
area of savings of the indeterminate outage time; that is, the main facility also
observes the failure and would react to notify the remcte site. With the remote site
monitoring its own equipment, it would take direct action to currect the failure. With
the addition of remote site monitoring, savings sre obtained becsuse the failures
that occur at the remote site are transferred from the category of notifying someone
else that there is a failure to the category of taking direct action and immediately
resolving the prablem. The outage time savings for the direct action type of failures
was assumed t e the average utage time calculated from the Fuchu failure reports
less the time it takes the ATEC facility tc restore the circuit to service. The outage
time savings for the notify action type of failure was assumed to be the reduction in
reaction time due o the implementation ¢f ATEC and only for the period of time that
the ATEC facility was involved with the failure. The difference between the savings
from direct action-and notify action type of failures is a large percentage saving in
the average cutage time. The net savings for this function will be $12.12 per year
per DC circuit and $72. 64 per y2ar per V¥ circuit.
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3.3 Effectiveness of Sites

Three model size sites were estatlished by an evaluation of 72 DCS stations in
order to measure the variation in effectiveness due to the size of an ATEC facility.

3.3.1 Small Site

The model 3mall gite was calculated to contain 60 chammels composed of 40 VF
channels and 20 DC channels, of which 38 V¥ channels were for VF circuits and two
were for the tone side of the DC multiplex. There were no remote sites associated with

the smell facility, Following is # tabulation of the yearly dollar savings that con be
expected for each function and the total for this ATEC iacility.

Annual Dollar Savings - Small Site

Function Savigs
1 $40, 593
2 340
3 836
4 1,253
5 14,359
6 ——

Facility $57, 381

3.3.2 Medium Site .

A medium site was calculated to contain 420 channels composed of 260 VF
channels and 160 DC channels, of which 250 V¥ channels were for VF circuits and
10 were for the tone side of the DC multiplex. There was assumed to be an HF
iransmitter and receiver site associated with the medium facility. Following is a
tabulation of the yearly dollar savings that can be expected for each function and the
total for this ATEC facility.

Annusl Doller Savings - Medium Site

Function Savings

$267, 255
2,228
3,679
8,770
45,631

2,380
Facility $381,932
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3.3.% Large Site

A large site was calcuiated to contain 1100 channels composed of 560 ¥F
channels and 540 DC channels, of which 533 YF channels were for VF cireiiis e2g
27 were for the tone side of the DC multiplex. These were assumed to be ez EF
transmitter and veceiver site associated with the large facility. Followhtg is 2
tahulation of the yearly dollar savings that can be expected for each funciion snd
the total for the ATEC system.

Annual Dollar Savings - Large Site

Funcrion Savings
$537, 758
4,830
12,1732
22, 968
220, 924
6 3,083
Facility $863,333

4, RESULTS
4.1 ATEC Eguipment and M&0D Costs

The results of the analysis of the 72 DCS stations ri~ldeé chanzel cazecides ior
the three size statistical models Assumptions were made relative to the zmmbers
of links, the type of links, the quantity of connected users and the quaniity of throngs
circuits. For each of the three model sites, an eguipment summuary was developed.
The equipments were segregated and listed in the same functiona! gromoinzs b=t azre
used for the measurement of the ATEC system effectiveness. The exlomzmss thes
required development were anaiyzed and =" esiimate of the ops e L2 CiDmesS
coste and recurring procurement costs were made. Catalog prices were used ior
oif-the-shelf equipments. In order to develup & statistical spread of the cne time
cosis an assumption was made that the procurcmest of ATEC for the oversll DS
would be for 8 large sifes, 25 medium sites 2od 17 smail shes. Addidenzily, pertizl
implementation of some sites will more than zifect any inaccurzcies incaroed io
using this distribution. The accrued costs for each functicn 2nd for soe of =zt ¢
the three size ATEC facilities were gathered {ogather and are presented in e ¢
rows of Table IV, No costs were includec isr ATEC maintenznce.

T

Improved efficiencies in DCS station mairteiaace »il: more ther zTacg addinrel
burdens :mposed on maintenance by the zdditica nf the ATEC Zzoility.

the quality assurance functioa.
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4.2 Cost~Effectiveness Summary

Table IV presents a comparison of the cost-effectivenesa for tho three size sites
and for each of the funciions of the ATEC system. The payoff period hes been cal-
culated employing a discount rate of 10 percent. As indicated in the tables, some
funciions and site sizes have an irdinite payoff. This is due to the payoff being of
lesser value than the discount rate on aa annual basis. It wouid appear that
Functions 2, 3, 6 are of marginal productivity and cannot be recommended on a
cost-effective basis.

This cost-effectiveness data has been developed in part irom information obtzained
on the Technigel Control Activities at the Fuchu station. This information provides a
view of the DCS which indicates 97. 8% efficiency. If in other geographical areas this
efficiency is differ:nt, the ATEC payoff periods change quite dramatically as shown
ir Figurel9,

5. CONCLUSIONS

The net cash flow analysis presented in the preceding paragraphs exhibits some
rathear startling differences in the return on !nvested capital. Of the six basic ATEC
funct. »ns, (ault detection and isolation testing and reporting appsear to have a signifi-
cant peyoff ir economic terms. The other kasic funciions - automated patching, remote
site monitoring, and equipment/link monitoring have little or no advantage from a cost-~
benefit standpoint. The payoff period ior these items approaches infinity. Since the
net return on invested capital is iess than the assumed discount rate of 10 percent, the
net return on these functions is, in fact, negative. On the basis of this analysis, it
would appear that the fault isolation, reporting and testing functions should be imple~
mented as a first priority to maximize the immediate pavoff. The implementation of
other functions could then be considered if justifiable on a more qualitative basis.

The cost-benefit analysis also considered and compared the degree of
payoff by size of the ATEC sites. The percertage payoff increases with site size to
about 18 percent for the large ATEC facility. The payoff period for the large site is
4.2 years. The return from the medium sized ATEC facility is about 13 percent per
year resulting in a payoff period on a discounted basis of 5.7 years. The small ATEC
facility never achieves a net payoff and would therefore not be recommended as a
promising use of economic resovrces. However, this does not preclude the selective
implementation of certain key ATEC facility techniques in smaller facilities.

Cornbining these most significant results yields the conclusion that an optimal
strategy would %e to invest in fault isolation testing and reporting at large and
medium ATEC sites. The payoff period in such a strategy is 1.9 and 3.1 years,
respectively. The payoff from implementing these functions at the small sites
is quite jow and is not recommended. Again, the other ATEC functions at any
size facility do not appear to warrant implementation from a cost-effectiveness
standpoint.
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The basic technique and data used to develop the varicus alternative strategies
are presented in Appendix I, permitting the reader to calculate simply any alternative
strategy that might be of inferest.

This analysis did not consider a detailed time~phase implementation pian on a
worldwide basis. Such an analysis is a major undertaking and must consider s host
of different implementation stratogies in great detail over a five to ten ynar period.
Implementation planning of this typz .5 necessary to achieve true cost-effectiveness
in the final impl>mented system.

Some comments can be made, however, concerning implementation strategy.
Briefly, the highest payoff occurs from iraplementing the fault isolation function at
large sites. Thus, this function should be implemented first. As more sites are
implemented, the incremental payoff from adding each site will not be as high as
the preceding one since they will tend to interact. This is a well known economic
principle known as eventually decreasing marginal productivity of capital. To
alleviate this probiem in ATEC, it would appear to be a wise strategy to separate
the implemeanted ATEC sites very widely so as to minimize interaction and maximize
the potential payoff.

It is anticipated that certain TCF's within the DCS will be prime candidates for total
implementation of all ATEC capabilities. These TCF's will undoubtedly be those at
major nodal points witnin the DCS and as such will probably also be DCS reporting
stations. It is conceivable that the implementation of ATEC could be restricted to a
small number (perhaps 15 to 30) of such selected sites, and that marked benefits
could be derived from such a limited imprlementation; particularly as a result of the
circuit moi..icring concerpts of the recommended ATEC facility design. If such a
limited implementation is undertaken, the result wili be a mixture of tctally auto-
nmaied TCF's and of totally manual TCF's., This mixture of the old and the new is
certain to contribule numerous impediments to achieving the primary objectives of
ATEC. For example, the ATEC facility, having detected a fault and having initiated
a request for a quc:ity check at a manual TCF, must standby until the results of
manua! monitoring techniques {including the inherent inaccuracies of human accom-
plishment and interpretation) are reported. Hence, while a fault was detected
rapidly, its verification and isolation might require an incompatibly longer time.

The objective here is to identify phased implementation approaches of the functional
elements which could provide the greatest benefit for any given expenditure of time
and money.
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The total recominended ATEC facility configuration is separable into a number of
functional mu-les, These may be identified as follows:

a, Cireuit Mortoring

b. Link/Equipment Monitoring

¢. Improved Manual Patching

d. Test Busses and Quality Control Cu+sole
e. Fault Isolation

f. Data Base

g. Remote Site Monitoring

h, Reporting and Record Keeping

i, Automated Patching

Each of these functional modules benefits (to a greater or lesser degree) from the
presence of a certain amount of data processing, data analysis, display and control,
operator evaluation, and other similar suppurt elements., However, certain of the
functional modules, namely, () improved manual patching, {2) test busses and
quality control, and (3) the DC portion of the circuit monitoring, can be implemented
individually and independently without the presence of the above suppoit elements.
Also, certain ofher functional modules which require processing and its related
elements can be implemented at a given TCF and share the required processing
located at a nearby TCT which has been more fully automated. Such functional
modules include (1) circuit monitoring, (2) link/equipment rionitoring, (3) fault
isolation, and even limited data base 2nd reporting and record kesping capabilities.
The irportant factor here is that communications channeis required for access to

the remotely located processor must not be permitted to exceed the cost of a processor
and r iated hardware; and, also, the total cost of such communications channels must
not exceed the benefits which result from such use. Section XIJ {of this repoert),
Telemetry Analysis, provides a detailed investigation of approaches to obtainirg such
chamels, e.g., speech-plus, time sharing and others.

Essentially, there are three basic methods of implementing ATEC on a world-wide
basis: (1) total implementation (all functionai modules) of a selected number of TCF's,
with additiona]l TCF's implemented as 2. function of time; (2) partial implementation
(selected functional modules) of a larger number of TCF's, witn additional TCF's
implemented as a function of time; 20d (3) total implementation (alt functional
modules), but only for selected circuits at a large number of TCF's. Of course, there
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are variations ol each of the above basic methods, as well as hybrid approaches
{combining eleinents of each of the above basic methods). The first method results
in implementation of the fewest number of stations. The remai: ing two methods
allow for implemantation of a larger number of stations, with th> second method
probably resulting in the largest number, For the third method, all of the basic
hardware elements are required and hence the major part of the total cost ig
incurred (fewer dollars are needed to expand a functional module once its basic
elements are obtained).

On the basis of all facts known to date, it is recommended that an implementation
approach be adopted which would result in tke total implementation of all ATEC
functions at selected major TCF's and partial impiementation {selected functional
modules) at nther key TCF's., The totally implemented TCF's would be those having
particularly strategic positions in the DCS and/or having a large technical control
requirement. These partially implemented TCF's may have their own processor
and related peripheral equipment or may share such facilities at the associated
fully implemented TCF: this determination must be made in the form of a cost
tradeoff {processor and peripheral vs., communications channels) on a per station
basis. The centrally located fully implemented TC¥ would exercise operational
control, including coordination and reporting, for the assigned partiaily implemented
TCF's.

'The actual time phased implementation actions required to achieve the final or
eventual werld-wide ATEC configuration are expected to he a function of available
funding. Thervefore, it is recommended that a time phased sequence of ATEC
implementation be adopted for all stations tc he implemented (fully implemented
or partially implemented). This sequence shoula be related to the functional modules
as listed earlier. The carticular sequence may vary depending upon the mission and
needs of the particuiar TCF and can be terminated at any point in the sequence.
However, the following seauence is expected to te generally appiicable.

o Circuit menitoring - considered most valuable; includes both user drop and
bascband VF channel selectors, associated VF channel analyzers, and VF
chanrel scanrer; requires processor capability, but can share a processor
located remotely. Display of status can be via teietypewriter driven fron:
remotely loeated processor, Digital circuits are monitored via a digital
circuit analyzer requiring no external prozessor and employing teletypewriter
for alarm and status ceadout. Digital circuit monitoring can be implemented at
any site at any time, independent cf other circuit ronitoring.

» Link/equipment monitoring - considered less valuable than circuit monitoring,
but a natural extension of mcitoring capability; can still share remotely located
nrocessor; should not precede circuit monitoring, Implementation requires
addition of equipment/link sensors, sensor scanner and A/D converter.




» Improved manual patch bays - reduces cirouif noise as 2 result of sealed i

contacts; permits patch verification via cord scamning if processor ig employed .

or when processor i3 added. These patch bays can be installed at any time :

(no processor reguirement) but are required prior to implementing: (1) test

' busses and quality control, (2) fault isolation, and/or (3) automated patching
(when justified).

« Test busses and quality control - test busses require the »xistence of the
improved patch bays; however, they permit access to all circuits for testing
and monitoring via the quality control position, and permit the addition of fault
isolation. The quality control position may include a full-fledged console
(CRT, associated keykoard and reference file) if a processor is located at the
site; or may be abbreviated to a teletypewriter and the test equipment complex, ’ ;
if a processor is not available. In any case the addition of test busses and the
quality control position permits circuit qualification and testing.

» Fault isolation - coasidered second only to circuit monitoring in value;
primarily an extension of circuit monitoring in that access to intermediate
circuit points is obtained; requires use of test busses, VF channel analyzer
and VF channel scanner. Fault isolation could conceivably be supported by a
remotely located processor, but when combined with all preceding functions,
the processor information rate and hence the required intersite channel capa-
city might prove excessive. A cost tradeoff analysis wiil be required on a per
sice basis.

o Data base - implies many types of reference data to be employed for monitoring :
and testing, fault isolation, restoring and rerouting, automated petching,
i reporting and record keeping, as well as other functions. The data base is to

be stored via a corabination of magnetic tape and random accese mass storage. .
| Hence, it requires the presence of a processor. It requires, of tourse, tape
- transport and random access memory, and will probably require the expansion
: of processor core storage to permit optimum nuse of the data base.

. o Remote site monitoring - refers to monitoring of remote sites which are

: directly under the jurisdiction of the TCF, i.e., HF transmitter and receiver

3 sites, associated tropo and LO5 terminals, LOS repeaters, and satsilite
earth terminals. Such monitoring is accomplished via sensors and scanners
at the remote sites and is relayed to the TCF for processing. Alarms and
status are returnad to the remote site for presentation via teletypewriter.
Remots site monitoring obviously requires 2 process.T at the TCF.

o Reporting and record keeping - reguired primarily to achieve real-time report-

ing and record keeping, with accuiazy. Requires considerable processor and
associated storage capability; hence, requires presence of processor. Reporting
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could, however, be handled by the cent.2ally located fully imnlemesnted site
{reporting site) since it wil, have stat.s 7 other sites sharing its processor.

e Automated patching - a not highly cost-effective function may 2 required on
basis other than cost. Requires existence of improved patch bays, cord scanning,
processor, and control consoles. Automated patching on selected circuits
(switching) i& nost applicable for implementation.
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SECTION VI

CONCLUSIONS AND RECOMMENDATIONS

1. GENERAL CONCLUSIONMS

This section presents a summary of the major conclusions and recomrnendations
which have been drawn and developed, respectively, as a result of the study etforts
carried out under the various tasks. The discussion first describes individual
functional aseas, then considers the ATEC system and the ATEC facili'y.

It is considered technically feasible to automate the following technical control
functions:

a. Circuit Monitoring

b. Equipment Monitoring

c¢. Link Monitoring

d. Fault Isolaticn

e. Patching

f. Data Base

g. Reporting and Record Keeping

ot

1. Dispiay and Control Consoles

i. Monitoring at Remote Radio Terminals and Unmanned Repeaters.

The following functions are requirements which can enhance communications
system performance and are not specifically required because of ATEC alone:

® Worldwide Clock
@ Automated Line Conditioning.
2. CIRCUIT MONITCRING

It is concluded that circuit monitoring will provide the major source of status
information and, furthermore, is the most cost-effective of all functions amensble
to automation.
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It {8 recommended that circuit momitoring be perfor: .d at the outpuis ircm the
ATEC facllity on a scanning basig. For VT clrcuits, mo dtoring shoule be previded
on uger VF recelve lines 2nd multiplex baseband VF transmit channels. Each
circuif should be accessed once per minute by a VI chan ¢ analyzer which will
sample for 1.2 second, measure signal level and noise {dentify whether the
signal sample ie speech or non speszch, and deliver a DL ~  -age in the vange of
1.5 to 22.5 voits to 2n analog~to-digital (A/C; converter for conversion into a 6-bit
digital code plus a parity bit. This digital equivalent o1 the meagured level wiil e
entered {nto a data processor for ccmparison against previc 18ly established Green,
Amber, and Red thresholds. Amber and Red c¢ouitions wiil cauee entry into the
fault isclation function discussed below; Amber v iil also trigger a trend analysis
operation to determine the rate of approach towazrd Red.

For start-stop DC circuits, monitoring will taik.: place on user DC receive lines
and VFCT transmit tone channels, measuring distortion and loss of transitions once
every two minutes, on a sample of approximately one second duration. The
measurement results are entered into the data processor.

For synchronous DC circuits, where the data modem is in the ATEC facility,
the digital signal on the user receive line is sampled for loss of transitions.

3. EQUIPMENT MONITORING

The main benefits of equipment monitoring are derived from monitoring the
performance of wideband equipment, i.e., multiplex and radio. Information on
equipment affecting individual channels, such as line conditioning equipment, VF
channel modems, tone keyers and converters, is more readily obtainable from
circuit moniforing. Parameters to be monitored are available in many existing
equipments and require the addition cf standardized sensors for transiating the
actual parameter valiies into the standard range of DC voltage sujtable for
A/D conversion and processor entry. Equipment monitoring alone is only
marginally cost-effective, but its relatively low cost warrants its inclusion
as a supplement to circuit monitoring as an aid in fauvlt isolation.
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4. LINK MON;TORING

Link monitoring is adequately covared by the parameters recommended for

. elreuit/souipment monftoring.

5. FAULT ISOLATION

This function is needed to determine, first, whether the indicated circuit
fault is Inside or outside the ATEC fscility and, second, to localize the fauit
within the ATEC facllity cr to an external site. It can correlate equipment
alarms with circuit alarms and can, when necessary, perform additional
meagurements under processor cont:ol, supplemented by semiautomated
capabiiities at the status monitoring and quality control consolee. It also
requires coordinated efforts with cther DCS stations for extarnal faults. This
fimction is considered a necessary adjunct to the previously discussed monitoring
functicns.

Additional fault isolation capabiiity will be provided at the status monitoring and
quality control consoles. Anslog and digits] teust equipment will be avajlable whick
can access any circulf through monitor and teat trunks in the circuit, primary and
DC patch bays. In addition, separate ¢runks will be provided for the simultaneous
insertion of 1000-Hz test tone on many VI circuita through the circuit patch bays
and of FOX messages on many DC circuits through the DC patch bays. With
these capabilities, the ATEC iacility personnel will be able to assist other staticns
in fault isolation efforts.

6. PATCHING

Tt is technically feasible and effective to use a comabination of manual patch bays
and switching matrices for increased cost-effectiveness and reduced size and
complexity of the patching facility. The matrices should have the capability for
establishing simultansous connections corresponding to the average number expected
fu a manual patching facility (estimated to be on the order of 10 to 15 percent, of the
normakthrough connections), with the patch bays handling any instautaneous overflow
and also providing a manual backup capability. It has been determined that the use
of matrices which access all the circuits or groups appearing at the patch bays bas a
relatively low cost~effectiveness and does not appear to be warranted. Rather, for
each site, consideration should be given to the desirability of providing matrix
switching for only the most critical circuits and groups, thus reducing both size and
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east. It i¢ also concluded that improved paich bay designs are called for to elimingie
exposed contasts in signal paths, with their resultant potential ior introducing contact

nolse, and to provide auiomated access fo circuits for monitering snd {enting prirposes.

It is recommended that only four types of pateh baya be vsed: groaup, tireuit
{equal-level), primary (cable), and DC. Tha VF pateh bay chould be elimingted.
Instead, attenustor pads should be {paexted between the multiplex chenpeis sud the
line gide of the clrcuit paich bays t{o adiust for ievel differences, and zil e condi-
tioning equipment {such as SF units, echo suppressors, smpiifiers, pads, hvbrids,

signaling converters) should be levated on the equipment sides of thy cireuld peichk bays.

“...¢ {mproved sesignse for group, clrouit, primary, and DC patch bays shoeid
include the following features:

2. Jacks for terminating and monitoring.

b. Sealed contact read relays for normal farough connectionr and for terminating
the unvsed member of z terminating jack pair whes cord patehisg is wsed.
Cord scanning, under processor control, to enasble verification of the correct-
neas of each cord connection or disconnection.

[}

d. Except for the group patch, monitor and test trunks which can be accesse
from the status monitoring and quality cortroi conscles for the insertion of
test signa's and the extraction (by bridging or terminxting) of traffic and test
signals. Test trunks will also permit the insertioa of 1000-Hz test tone
simultaneously into many VF circuite and of FOX messages into meny DC
eircuits. Terminating or bridging connections to individua!l circuits will be
d-:rived througk reed relays which are controlled by the processor in respense
to instructions entered by console operators.

When switching matrices are used, it is recommended that none by employed at
the primary patch bay, because the iow frequency of line conditioning equipment
substitution can be handled readily by manuai patching. The circuit switching matrix
should use the recently developed solid-state digital-crosspoint matrix (witk pulse-
width modulation) to effect a significant reduction i size. The DC switching matrix
should use the same solid-state crosspoins, withou: the modulators and demcdelators
needed for VF circuits; this matrix should handle oriy low level I)C signale. Reed
relays are recommended for the group switching matrix becavse of the higher
frequencie- encountered and the relatively srall size of the switching facllity. The
reed relays will be magnetically latched and will, thereiore, need no power for
hoiding. The sclid-stzte matrices will require constant application of power to
maintain established connection. It is assumed that ap uninterrupted (no break)
power source will ’ e available to the ATEC facility. This feature, combined with
multiple power supplies on a common DC voltage bus, wil! ensure cortinuity of
hclding power.

.
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‘To obtain an sperationat avaiuaticn of the effectiveness of automated switching in
the ATEC environmsnt, it i3 racemmended tiat the DC switching matsix b2 imple-
manted as 8 zart of the Fucha teat bed. This matrix will be designed to provide
switoking access ¢o all of the DC circults appearing at the DC pyich bay. 1t ie
recommended that vsrying fractions of the tots! DC cirvuils, sisrting with the most
critical ones {irst and ranging upwxra to the full cumplament. be zonnected to the
mairix to derive actusi opersticral experienc: and, thus, pro-ide a bazis for
determining the degree of matrix switching which =ionid Le provided in subseguent
ATEC facilities.

7. DATA BASE

Both a smtic and a dyramic date base ave nesded. The ztatic datx bes. will provide
detaiied informstisn cu oirewits, frumke, liaks, zrd exinmesnt o include 2ok items
ss ldeptification, zharacterislics, confQigursiions, sed normal profarmance levels.,
It will alsc contain prepiarned rercutes. Siatic dafs which are Zasixgl. gryphic is
nature, such as circuit leyouts, will be slared on slidet i 2 stsiie refsrence file
projector zf esch operaticg conscie and will be avaiiable v rasdom 2ccess cali-up.
The draemic dats base will contzir Wxivrmatics oz the acieal perinrnance i cirernils,
trunks, iinks, and equipsnent. These cata =il be Zerived from statug =onitoring,
{ault izclation, ouailly onntil, eqmipment substitulion, reroating, 206 2ber actioss
Saken .aside ang cutside the ATTC facility

th excention of Cata Ir the siide Dle, 21 zther st2lic 2nd drma—ic a2 will B¢
stored in 2 mass storage Tle drum or 43
soanel on a randor: 2CCESE Tesi. ior cossic display. The mass storage filg wil?

need 2 minimam capacity of 250, 020 ederaciers {or progrz = and dela storzge,
expancable in {ncrercerts o 3t least one willise characiers

5
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:
>
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1= agdition, the capability is needec 37 the cemral coosr oocesle Inr 2 Bigh eoved
priztout of any elemenis of the dats bese. particoiariy dymamie or—atize suet 21

cutrert summary 5f all Amber 222 Pef 3larm sonditions.

(8 3]

s firasible to sutomate the srepiriiaz o reports o B DOLC 2 e KV
sgency T"he data processsr will use vloved report {ormats 27 i extres pertimaTn
darz Trom the éstz base. The merilzllyv ooTrleted reTIrt il e nresented 3 TET
diepicy o toe Cextral Cooir.le~ tir gdlldc-s, Jeletizcs, —oiificati~c, revien, 138
editirg, Alter relesse Tv ~he Tezirzl Toonrrier. e srocesscr o2 Eendle the remo

transTission over Cediosied or Sommmon Lser trgnsieeior 2o ines,
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From the cort: 2 o the dats base, the processor can generate printoct, eithsr
s@omaticslly br  chedtle or on cperator requests, of the equivalents of mnost of the
iogs, forme, and records which a»e called for in Volume 2, Chapter 11, of DCAC
3i0-70~1, % reduce the work iosd «f the teckwicsl controllers. Specificslly, it is
recommeXied that an activity iog be generstad at esck coneocle, recording all sctivities
ang Jvants, witk the log at the cetral coatroi being the mester station log. in
:iton, the processor wili prodace sringocas of commamications »ork orders on a
teletypewnriter in the Maintenance Section; raintenance personne! will be able to enter
the regclis of thair sotisas intc the processor throogh the same teietypewriter. Witk
regard o the other forms 2ad recsres, It is mecommended thet the Governroert
igvestigxte the desimabiltly of reciscing oresest summal comgletios procedures by
2tomated prictoas of egaiveients, i e., the sa—2 tior=ation Ixxt not necessarily
iz exscly the vame {ormet.

Qne other form of recemmeaded record ceeping is the maintensnce of joarmal oc
=agaetic tepe, recurdizg ail sigrificast evests for later retrievz! and for amiysis ot
t cextral c-line processing facility, sac? 34 23 ¢ DOCC 27 Sk elermem

§. OPTRATING OGNSQLES

It is corcinded tha: three Siferent types of Soacticea’ operziing positions sre
oeeder.- 1) Cetra: Coxrod, @) Siatms Momitoriag, 292 03 Qmality Coatrol. Cemeral
Cotrsi is seeded 3= 2 sWervioory smcliica aad will mzirtaie ~og=izaace f the oversal!
szazs o the faziitty axd of tae ccozumicatices resoxrces 4.¢., pericr= sysiess
seriseanre Stites Doxitcrag, le teeponsitye for e iZDiewertatios of
ptazmed revorges, axt will oompiet: ¥ad relense repozts. I the mork wed is large
exvegh, te Cextry. Coctowizer shail Ware 2z assistast - dandle syste= perioczamot
marers.

The Stztans Momfiosiag operxior will be responsible for lipk, egalvment, 323 cirosi
=t rivg, Tor famit i3okatice, for coordmtice witk oker DCE sistiors and wite
ab s, o7 eirment saogtitzeior, 2 peeplaTner CLrCEll resIorRions e IeTRies.
Iz larger Seitivay. more k2T me cperatizg postdise =y be regmired.

o gl oo el cgeTaior il Ze regmired 1o prricrw detailed ot —oL-service
g of active 322 Fpare equipmert, clavmels, 2» ' cireeits iz order io detet
degradations oseire ithes becorme Qficres. Be will periors accegtance lestizg of zes
axd reosires equmipment 228 circritt. Ee will aseist the shatas momitoring operators
57 and@ing sroaiems reguiring Lecgidy fl isotatice eflorts, {reeicy these operstona
{or gbher pridems, & vl lemporariiy asex=me the dxties of 2 statcs —oxitoring
wesnoT iz the evemt of wnir T ety prcbier load

Iack of the Cerating posttions ¢ill De egminpec witk 3 mmiversal iteractive
ereivg” ocpiaizing 2 TRT &sXar, 2z slpkaxomeric oad Sactior keyboard, 2 sS530C
selerence Sie, 228 3 tecetyoeeTiter. AT cxmscies will o fxir voice Iteroc, xad
vce 10d teietypes Siter cyGeraire apgiities. I addtine, the Ceztrzi Confiznd

=




G TGO

N N R s A L SR AN ¢ 4 Tt " S ettt o L APRLE 4

LT L R S R

[}
‘!Mf*‘«,’p R T LT DU R S g e o r ey

console will have 3 high speed line printer for gh volume cutpuls; the status
monitoring console will bave anslog snd digital test equipment ior faalt jsolation;
and the guality control cansole wil! have test equipment suitable for delailed
alignment and testing, as well as for fault isolation. The latter two consoles will be
able to access any VF or DC circuit for monitorizg or testiig vis mosmitor and test
tranks it the paich bays; aperstor instructions tc the processar will aperats relays
in the patch to effect the desired conpecidons.

With excepticn of differences in test oq'pmest complenents, t2e rernising
simiiaritics uincng the Tarices cnnsoles permit temporary changes in comsole assign-
ments to Sect conting emcies, soch 23 comsale falizres or pesk ioads.

10. DATA PROCESIING

A data provessing sabsystem is meeled for e coxtral of all sutomatic anc
se=izstomatic faacticnx, acinding-

+ Scoamer Coxtrol

s Mogciiorisg Aseirsis

o Mouitor aad Test Tr: Tomtra

o Swischiag Metrix Costro:

o Pzick Cosd Scarxing

s Dtz Base Update

s CRT [isplsy

o Priztoxt

o Operzcr bront

o Beportizg aad Pesord Xeepizg

The sosysirm Jegrreg 2 siored prograx s=ail scale procesecr witk sore
mETCTY, 2 Tass orrge fie frexm v Awned Sor prograce and datz tase storage, zad
2 magretic taoe Hie for xcraa! estry 2ad reirieval. R is resestiy esGxstsd that
occe metre.T will require 2s seazk 28 32 thrusaed 15-bit words, e =uas orege

Sie 2 vz of 256, 00% characters, aad the xsgaetic tane filethree t2pe C-tves
oot o esgry, coe lor retrievil, 3o one 35 2 SpRTE;.

11, OONTROL COMMUNICATICSE
A voice itercoornmicaticns STSIET (3 aeaded vithiz the ATEC facility 0

ematee coorditeiice (7 i UvEes 22 ocomsones, soEoment Seys, paick bays, and the
Tailence sectioe .
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Voice and deia orderwires conforming o the DCA policies expourded in DCAC-
310-59-6 will satisfy the needs of the ATEC system for communications among DCS
stztions. Thus, ATEC facilities snd other major nodal points will be tied together
0y express orderwires. Adjaceni sites will communicate over link orderwires.
Communications to remote ralio sites and major users will also be needed. i
Where exprass orcderwires do not permit direct connections between widely ;
separated ATEC fazilities, the common user AUTOVCHN network should be used.

Processor to processor communicaiicns between ATEC facilities on the same
express orderwire will be provided by applying a speech-plus-teletype capability
tc the voice express orderwire. Similarly, monitoring infformation from, and
control date to, remote radio sites and unmanned repeeters will be carried over
¥oice orderwires in z speech-pius-teleiype mode.

® is assumed that two way coemmunication for operational direction by,
coordinatior witk, and reporting to DOCT elements will be enabled primarily by
criticel conirol vircuiis. When these are not availsble, common user retworks
(AUTOVOXN and AUTODIN) will be used. Maintenance management circiits will ‘
e uzed for commimications with O%M agency elemenis when available, or else ;
common user petworks wili be used. ‘

Yhen the ATEC fzcility serves an AUTOVON switch, results of interswitch
trunk testing by the routiner should be sent over a DC circuit into the ATEC
processor to report on trunks which have failed the routiner test, Simitarly,
when an AUTODIN switching center is served, the detection of excessive errors
oo zp irterswitch trusX or 2 user circuit passing throvgh the ATEC facility
shoatid be reported to the ATEC processor cver a DC circuit. :

12, MONTITORING OF REMOTE RADIO TERMINALS AND UNMANNED REPEATERS

The remoie rzdo terminals of interest here are those HF receiver and
wznsmitier sites ard tropospheric scatier terminals which furnish loag haul ,
um¥ipz for the ATEC facility but ore physically separated from it by intersite
iinke beczuse of sifting requirements dictated by space consicerations (HF antenna
{zrms) or propagstion needs. These remote sites are, in reality, merely an
exiension of tae ATEC ‘zcility. As such,the monitoting of intersite and long-haul
lirks znd aguipment is peeded to complete the overall status picture. Itis
recommended that ecuipment monitoring of the types described in paragraph 3 be
perisrmed 7t these remote sttes and that the m2asurements obtained be forwarded
by speeck-plus-teietype over tiz voice orderwire to the ATEC processor. Alarm
corGiticne will he returned i the reinote site and printed on a teletypewriter for
the bensiit of gite personre.,
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The status of an unmanned repeater, which is the operational and maintenance
responaibility of the ATEC facility, must be known to facilitate fault isolstion in a
link which contains this repeater. It is recommended that montitoring of the type
discussed in paragraph 3 for LOS/Tropo terminals be incorporated into the repeater
and that the measured vslues be returned to the ATEC processor for analysis. A volce
orderwire to the ATEC facility is needed for the henefit of maintenance personnel dis~
patched to the site to effect repairs; monitoring data can be transmitted using syeech-
plus-teletype.

The status of a satellite earth terminal {3 also of prime impopéanee to the ATEC
facility, in order to facilitaie monitoring and fauli isolation as wielijas to permit system
optimization, as indicated in paragraph 3, the status information coliected and pro-
cessed at the satellite earth termingl should be summarized and rglayed to the ATEC
facility. Again, a voice orderwire i3 needed between the satellitejearth terminal
and the ATEC facility. /

Error detection coding, by parity bits, will be used on all élta transmissions
to ensure the validity of the data received by the ATEC processor.

13.  ATEC FACILITY )

in the periormance of a cost-effectiveress analysis, the activities of the
ATEC facility were divided into six principal automated functions:

4. Circuit monitoring and fault isolation

b. Equipment/link monitoring

c. Quaiity control

d. Reporting

e. Switching

f. Remote site monltoring.
The processor subsystem, except for magnetic tapes, was assigned to circuit
monitoring; the tapes were allocated to reporting. The patch bayk were divided equally
between circuit monitoring and quelity controi. Switching includes only the switching
matrices. As a result of the analysis, it has been determined that the gix functions
rate as follows, in order of decreasing cost-effectiveness:

o Clreuit monitoring and fault isclation

e Quality conirol
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o Reporting

¢ Equipment/link monitoring

e Switching

¢ Remote site and unmanned repeater moniioring.

Further, cost-effectiveness wns evalusted for three sizes of station:
e Small - less than 100 V¥ and 100 DT circuits

s  Medium ~ 100 to 42¢ VF and 100 to 400 DC circuits

¢ Large - more than 420 VF and 4006 DC circuits.

The results indicute that the implementation of ATEC in the small site i8 com-
pletely unjustifiable, but is worthwhile for the medium and iarge sites.

4. WORLDWIDE ATEC SYSTEM

A worldwide ATEC system is feasible and will be instrumental in improving
and maintaining the performance of the DCS. The ATEC capability should be imple-
mented only at the major nodal points of the DCS, ccnstrained fo the large and
medium sites previously defined; it skould al3o be instalied at the remote radio
gites and unmanned repeaters which are the direct responsibility of the s TET facility.

The ATEC facility should be assigned for a geographic zone around it, encom-
passing all the manually operated stations, for which it maintairs the general status
of all the comwmurications resources (i.e., system performance status monitoring),
assists the other stations as needed, and reperts for all stations in the zone.

ATEC {acliities should cooperate in the resoluticn of problems which lie
between them and should assist intervening manual stations to the may mum extent
in such resolution. As already stated, primary communication between ATEC
facilities skould be by express orderwires, with the AUTOVGN network as 2
aupplement. In addition, ATEC facilities should be able to intzrchange status
information of conimon interest by precessor to processor channeis.
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15. ATEC IMPLEY.ENTATION

By way of illustration, three possibis methods of implementefion are prezanted.
In the firet, one site s implemented at a time with aill functions.

In the second method, severzi stations are instalied cimnitsrecnisly bt ars
initislly equipped with only some of the ATEC functions. Wit Hime, other fumcHons
can be adaed in & moduler fashion. A possible sequance for this method might be:

a. Circuit, equipwent, ard link monitoring; faclt ieolation; £rd reporiing.
This step wovld inciude the improved paich bays, consoles for sicics moeai-
toring and Centrai Control, and the data processirg sebsystem, along with
the equipment needed for monitoring and feuli isolation.

b. Quaslity control
c. Swiiching (wken justified)
d. Remote radio site and unmarned repzzter monitoring.

Beyong the first step, it may be necessary fo aéd 2AdiHSoml core memory ard
program modules.

In the third method, a =ymber of sites are instzlled simuitarvecnsiy with 21
recommended funcHons bt ezch funcHies is limited to canlsy = velested mumrber of
circudts, in particular, the most critical ones. A5 Hme proceeds, zdditional
circrifs are provided ezch functior oxtil the full capability 12 rezchsd.

Of the three metlods catiined, tbe secomd shald pormit the greatest momber o
sites to be equipped simaltanecasiy for 2 given exy 2 of funds, the first the
smzallest mumber. However, siill otker methods cen be derived 28 7 resclt of
varieus comoinztions of the above defired methods 204 consistent with the
Government's technical and finding regoirements.
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APPENDIX I

L PRTETVC SRR ESATY ]

COST EFFECTIVENZESS CALCULATIONS

The measurement of cost effectiveness requires that the aavings attributaole to
the system being implemented be balanced agzinst the cost of the system ard show 2
savings after the payoff period.

"/ INTEE

Y

Tee following paragraphs describe the derivation of the formulas for calculating
the savings due to ATEC. In reviewing the methods of imnplementing ATEC at 2 DTS
Statinn, two tspes of operaisor action seemad to lend thewnselves for use in categorizing
failases 2t 2 station. The two types of operater action are: direct action or the action
taken when the failure is direc iy within the area of responsibility of the tech controi, :
ard antify z2ction or the action taken when the tech control becomes aware of 2 failure |
2t 2 distant stafton.

ey sy

An anz2iysis of the fxilure reports from Fuchu Air Statior yielded a distribution of :
fzilures by cperator 2cticr a5 showr tn Tzble L

g ax ox

: Table I Pailure Distribution by actisn
ACTION TYPE DISTRIBUTION
Dir i.9%

Netify 92.1%

&

rrom the 2a2i35is o i_ilvre regorts, 2 distribetion of the types of
fzitores 258 the averege ontage time for ezch type was obdzized a5 shown in Table L :
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iand [ sields z fzilure distribation thet will be ased in azaly-
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zing the szvings. Tris Zuilure distribztion is sbows = TaXe [N,
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The object of the subsequent calculaticns is to determine the savings for each
function of the ATEC system. In order to keep the savings segregated, the avail-
ability of the functions will be used as an algebraic gathering point, Table IV is a Dast
of the functions of the ATEC system angd the availability.

Table IV ATEC Function Availability

FUNCTION NAME AVAILABILITY
1A Output Circuit Monitori 0.9991 i}
1B Inpuf Circuit Diagnosis 0.9991
1C Intra Node Diagnosis 0.9991
2 Equip/Link Monitoring 0.9992
3 Automated Patch 0. 9933
4 Reporting 0.9989
5 Circuit Qualification and Testing 0. 9922
6 Remote Site Equip/Link Monitoring 0.9991

For each failure category and action type in Table ITI, a savings expressed in time
can be calculated. This time savings is in two categories, manpower and oufage time.
The manpower savings is acc rued through the time savings resulting from the implemen
tation of ATEC. The time savings occur because of the difference in time required
to accomplish failure diagnoris and fault isolation, decisiong on a restorative course
of action and the accompiishiient of those acticns. The savings in outagetime results
from the ATEC monitoring sysfem alerting the tech control of a failure and allowing
corrective actica to be taken before the user is aware that the failure has cccurred.
Since the majority of the failures are reported by the user in a maanat tech control,
there is a time savings between the report from the monitering system ia ATEC and
the report from the user in the manual system. This outage time has been termed
the indeterminate outage time and is different than the average outage time of a
failure type. The difference is that presently one is reporied and the other is not.
This indeterminate outage time can be-saved by ATEC as well as some, if not all, of
the reported outage time, "Table V Is an estiu.ote of the indeterminatc outage ‘jme. A
time estimate was made for each type of circuit and was an average of the estimates
of the minimum and maximum response time. For DC circuits the minimum response
time was estimated assuming the operator was attending the terminal device, and the
maximum response fime was estirated assuming the operator was attending to other
duties.
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Tabis V Estimate of indeterminate Outage Time

TIME PRORAKILITY
ESTIMATE CIRCUIT | OF FAIIURE

CIRCULY TYPE MIN, DENSITY | OCCURREKCE
DC Circuits
Clear Text (No Crypto) : 3¢ 17 g
Nea-Traffic Fiow Secure Crypto 30 129 247
Traffic Flow Secure Crypis 16 859 ; 5%
Averuge Indeterminzte Outag? - - { -

Time DC = 11.0 Min.

VT Circuits

Hot Line 35 197 5%
Common User 3$znuai Board i3 15% | 5%
Common User Automsatic Bozrd 180 265 5 137
AUTOVOXN 5 203 13% i
YFCT Tcne Chznnels it 15% 307

-
——
wh———

Average Indeterminate Octage -_— _ -
T e ¥F = 63.7 Min.

foan wn
y

For VT circuits the minimum rasponse iiine was estimsisd cssuming 15 woice
circuit was in use and the meximum responss time wgs sstineied sssarring the woic
circuit was idle zn¢ scme time wowld elapse before it %2o used or iested, 2 estimete
w25 then made of the density of the circait tvpes and 2lsc of the nrotehiiity thet 2
failure would occur on that circuit t;pe. Frem Table ¥V, the averzge indetermives
outage time for DC circuls is 11.9 minutes. The average resciisn iime for the ATT7
systemon OC cirzuits is one-palf of the monitor scan cicls 1ime of w2 sbmzes. T »-
fore, the average indeterminate outage time savipgs for DC circuiis iv I¢ § migmes
(1.0 - 1.00. Agsin, from Tabie V, the average in'stevrmirste midaye
circuits is 63.7 minutes. The average reaction Hme for the £ TEL syste= o VP
circuits is one~half of the scan cycie time of cac munute. Thereiore, whe aver 2
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RS = 83,223 | (ADRDIALA - 2.881B < 0 243 + 0.1445]

{0.55 ATD) A14 -~ 2.2341B8 - 6.16435 + 0.1145

oz - Wetify - Ostsge)
Mermoower Savings (Rode - Notify Action)

= 32 —mpreel 378 ~xm when 2 {z{tere is reported 2 dizgnostic action (FU1B)
=ik Sele plzoe W Seter—ize B & foilore is intermel or extermal. In the case being
FEronnsed S Sdirre woeid be exteree] resultirg in coordination with the next node.
g (TCS) 224 testing {FUT) wonld be involved in sccordance with the constant
% St wEs previonsly derised. A report (FUM) would 2lso be generated.

!

)

'

AYEC w1t ezve 20 of e mezpower for the diagnosis (FULB) and part of
S ecier (Fudy, teming (FUS) 2xd reporting (FGE).

EEagmesis) ¥anee=: Time YUIB  =3.0
o oy I Y Mepo=l Time FUR =1.3

ATEC Time FU3 =0.3

Szvirgs PT3 =1.0x0.2=0.2
ety T X Merna] Time FUS =2.4

ATEC Time FU5 =1.7

Saviegs PU3S =0.7x0.2=0.14
{repoTizg) Mennal Time FU4 =1.2

ATEC Time FU4 =0.27

Savings FU4 =0,93

0,297 .GAIB + 0,243 + 9.93A4 - 0,14A5) =

2.41A1B ~ 08,1843 = 4. 15A4 + 0.11A5

Node - Notily - MappoweT)
Direct Acdon (6. 38% falluvre distribution from Table ITI)

Oatage Sevings (formala 3)
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DAS = 6.88% [a. 80 (AIND)ALA + 23.02A1T + 30, 65A1C + 0,20(AIND)A2 +

9.9A3 + 17.,77A5:'

L T T (i g e o S Sy

0. 08(A1ND}A1A +1,58A1B + 2,11A1C + 0. 01(A1ND}JA2 + 0. 68A3 + 1.22A5
(Node - Direct ~ Outage)
Manpower Savings (Node - Direct Action)
In the manual system when a failure is reported a diagaostic action {FU1B)
will take place to determine if the failure is internal or external. In the case being
3 discussed the failure is internal and a further diagnostic (FULC) would be reguired to
isolate the failure, Patching (FU3), testing {FUS) and reporting (FU4) would also be
involved with resolviig the failure.
ATEC will save all of the manpower for both diagnostic functions (FU1B and
FUiC) 20d some of the menpower for the patching (FU3), festing (FUS5) and reporting
(FU4). "
{first diagnostic) Manual Time FU1B =3.0
(second diagnostic) Manual Time FU1IC =4,5
(patching) Manual Time FU2 =1.3
l ATEC Time FU3 = 9_3_
’ Savings FU3 =1.90
2& (testing) Manual Time FUS =2.4
? ATEC Time ¥U5 =1.7 E
; Saving~ FU5 =0.7 :
§ (reporting) Manua!, Time FU4 =1.2
:“ ATEC ""ime Fi4 = (_);21
§ Savings FU4 =0,93
& % 6.88% (3.0A1B + 4,5A1C + 1, 0A2 + 0,93A4 + 0.7A5) =
§ 0.21218 + 0,31A1C +0,07A3 + 0.0644 + 0.05A5
(Nede - Direct - Manpower)
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‘Lzes (AIND) ALA £0.3441B -€.9243 29.0145 |
(Gser Termime! -Nowtfy-Omzge)

Yanpower Sevimgs (User Termimi-Noiify Actorn)

Iz the rmame3! syrlem wheo 2 izilore s regmcted 2 Circoostic s TS
will teke pizce to dstermize if the feiimre i= rizrzel or TRl B othe ez bednp
ciscussed thy fz{lire is extermai resziting 1= ccordimeier vith (e zext e, Paiching

} . and testiry woalc uot te invodved In tRis cese. & report wocd T gopesixd F .

Lt oond ¥ VA F STt S vnmﬂﬂmﬂﬂmmmwmmmﬁ

J ' ATEC wili save 2il of the mespocwer fot the dlzpmcade TULSj 222 purt of
| ! the roporiing (F34).

[ (dizgmosis) Vzmze! wme FOLS; = 3.6
(s >oorting) Mzmen time TUZ =1.2

~T2C 8= TUL = 8.2k

Savicg 774 = 2.3

| 2.51% (3.041B3 +0.9344) =|0.2641B - 0.024¢|
| A
{Tser Terminsl-Maniry-lWlemoomery

Direct Action {0.74% fzilure dis:ribkstion fro:z Tzble IOl
Outage Savings (formuiz %)
DAS = 0.74% (AIND)A1A -~ 11.1941B + 7.2845
0.0: (AIND)AIA + 0.08A138 = 0.9545

{User Terminal-Direct-Outage)

Manpower Savings (User Terminal - Direct Action)
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Pametier 3
seciioe 14 0.59 (ATND) Als from Tehle VI
ATRD = 19.3 DC +53.2 V¥ formule 1)
2314 = ©.9391 from Tsble IV
.92 32.6 DC + 63.2 VF) 0.5392

DC eireits

RI/LIF.0X0.9991 X252X80.14 3 6

$2.68 DC =7 day or
$21_ 05 O per year
~N

Y7 cfreits

PEY R 2 o T T e R Sy Sy DO

5.9565.2X0 992 1257 X 80.14 =

£2.18 V¥ per day or
$ISX.58 VP per year

[ Py NN I

ot e=y sectos 1A

- v.

$21.06 DC per y=ar

$7S2.5% ¥ p=F year

e Ak we

section 1B
oiizge savings  4.23 AlB from Table VI

AlB = 0.9391 from Table IV
4.22X0.8904

DC cirecaits
£.23X5.9231 XL 25% X 30.14 ¢+ 6=

$£0.02 DC per day or
$9.02 DC per year N

#5410 e
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VF circuits
4.22 X 0.9991 X 25% X $0.14 =

$0.15 VF per day or
$53. 98 VF per year

manpower savings 3.01A1B from Table VI
A1B = 0. 9991 from Table IV
3.01 X 0.9991
V¥ + DC circuits
3.01X0.9991 X 25% ¥ $0.13 =

$0.19 (VF + DC) per day or
$35.66 (VF + DC) per year x 2 =

$71.32 (VF + DC) per year
tctal savings section 1B
$9.02 DC + $71.32 DC = $80.34 DC per year

$53.98 VF + $71.32 VF = $125.30 VF per year
section 1C
ouiage savings 2.11 AIC from Table VI

A1C = 0.9991 from Teble IV
2.11 x 0, 9991

DC circuits

2.11X0.9991 X 25% X $0.14 : 6 =

$0.01 DC per day or
$4.49 DC per year

V¥ circuits

2,11 X0.9991 X 25% X $0.14 = %




& $0.07 VF per day or
325.34 YF per year
manpcwer 8aJings 0.3" A1C from Table VI
AlC = 0.3991 from Table IV
0.31 X 90.2991
= VF + DC circuits
0.31 X90.9991 X25% X $0.128 = i
$0.61 (VF + DC) per day or
$3.69 {VF + DC) per year x 2 =
% $7.38 (VF + DC) per yesr
tofal savinga section 1C
§ $4.43 DC + $7.38 DC = $11. 87 DC per year
$26.94 VF +$7.38 VF = $34.32 VF per year
Total savings Function 1
$21.06 DC + $85.34 DC + $311.87 D = $113.27 DC per year
$798. "8 V¥ + §125.30 VF + $34.32 VF = $958.29 V¥ per year
g Funntion 2
% outage savings (.01 (AIND) A2 from Table VI
! : AZ = 6.9952 from Table IV
A g AIND = 10.0 DC + 63.2 V¥ (formula 1)
§ $.01 (10,0 DC + 83.2 VF) 0.9992
g DC circuits
g 0.01X10.0X0.0002X25%X$0.14-6=
0 é $0.0066 DC per day or

$0.22 DC per year
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VF circuits
0.0 X63.2X0.6982 X254 X 80.14=

$0.02 VF per day or
$8.07 VF per year

manpower Bavirgs 0.03 A2 from Table Vi
A2 = 0.9392 from Table IV
0.01 X 0.5892

VF +DC circuits
0.01 X ¢.9992 X 95% X $0.13 =

$0.0003 (VF + DC) per day or
$6.11 (VF+DC)peryear X2 =

30.22 (VF + DC) per year

Total savings Functicn 2

$0.22 DC + $0.22 DC = $0.44 DC per year

$8.07 VF + $0.22 VF = $8.29 VF per year

manpower savings = $0.22 per circuit per year

Function 3
outage savings  0.87 A3 from Table VI
A3 = 0.9993 from Table IV
0.87 X 0,9993

DC circuits

0.87X0.9993 X 25% X $0.14 2 6 =

$0.01 DC per day or
$1.86 DC per year
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VF elreiz
6.8TX0.9WXX A XMW.i4=

$.8 77 per Xy o7
$13.19 TF per year

mErDOWET SS3ings 6.25 43 frem TeXle VI
A3 = 0.5533 from Tzhle IV
0.25X 0.933
V¥ = DC circuits
0.25X 0.993 X 235 X .13 =

£€0.01 (FF + DC} per day or
2.8 FFP+DCyperyearor X 2=

$5.92 (VF + DCj per year
Totsl ssviags Panction 2
£1.88DC +$5.22 DT $7.78 DC per yesr
$11.10 VF + $5.92 VF = $17.02 VP per year
Funstion 4
manpower savings 0.88 44 {rom Table VI
A4 = 0,9989 from Table TV
0.88 X 0.9989

VF + DC circrits

0.88X0.9989 X 25% X $0.13 =

$0.02 (VF + DC) per day or
$10.4¢ (VF + DC) per year x 2 =

$20. 82 (VF + DC) psr year
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DT g

1.0 XEFZ IS4 -8

.8 DC per &y o
$2.85 BC per yezr

it Al it >at prsmpue

VT drosiks
1.39X0.95R X BT X $0.24=

$0.95 VF per ésy or
$37.74 VF per jear

rampowRer savings 9.17 AS from Tahle VI
£5 = 06.9322 {rom Table IV
0.17X 0.9952

| VF + DC circuits
0.17 X 0.93%2 X 25% X $0.13 =

$0.01 (VF + BC) per day or
$2.01 (V¥ +DC) per year X2 =

$4.02 (VF + DC) por year
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DC cizes
IABXORBIEZFIW.IL8=

.11 TC per Ca7 %
$£3.25 DC per jear

Y7 clrents

18.33 X £.9302 X 25% X §0.14 =

&$0.89 VP per dav or
$247.51 V¥ per year

meanpower gavings {formals 9)
1.15 AS

A3 =0.9832
1.15X 0.5992
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A3 = 8.0 ro= Teh= 7%
.5 E .2
DC ecircoRts

5.€69X90.5381 X257 X M. 12 6=

39.903 DC per éay or
§12.12 DC per year

YT circaits

5.69X0.9991 X 252 X §0.14 =
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T TRe Terpower szvitgs are 25 follows: !
S |
- §138. 2 DC per vear :
, 2161.20 V¥ per year i
e 3124, 78 general per year f
_",':j k4 . ;

Three modzl sites were established in crder to continne the analysis ints
the ares of istation size. An anzlysis was made of 72 stations for whicha VF :

circuit count could be obtained. Sixty-siven of these stations also listed a DC
circuit couni. The information ia Table VI is the results of the anslysis,
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Teing the V¥ 2nd DC circuit quantities for each size model site ard Table VI,
e s=vings par yeer per fomction were calcaiated and sre Usted in Table IX,

TABLE IX SAVINGS/YBAR/FUNCTION

FONCTON|  saALL MEDIUM LARGE

1 $£0,5% $267, 255 $597, 758

) 2 $ 340 § 2,226 3 4,880
| 3 s 6 $ 5,670 $ 13,732
| . 3 1,253 $ 8,770 $ 22,938
| 5 $14,359 $ 85,631 $220, 924
5 - $ 2,380 $ 3,093

STTEM | 857,38 $381, 932 $863, 255

Some cf the ATEC equipments will be newly developed items and wiil have
the ooe time deveiopment costs associated with them. In order to spread these
cne time costs, a tetal of 50 ATEC installations was assumed. This 50 was then
divided into 8 large, 25 medium and 17 small sites in accordance with the density
distribotion shown in table Vill. The egquipment costs for one small, medium and
large site were developed. A summary of these costs are shown inTables X

through XII.

The s2vings and costs for each function are compared in Table XIII. The
pay-oif pericd in vears was cazlculated by dividing the cost by the savings to
arrive at the multiplying factor. A 10% discount rate was used to equate tomor-
row's dollars with today's dolinrs, ang is tsbulated in Tabie XIV, To establish
the pay-off period the multiplyiug factor is compared with the "accumulated sum
of the discount factor" until the closest value of the sum which is equal to or less
than the multiplying factor is located. This establishes the integer vulue of the
pay~off period in years. The decimal velue is established by estimating the
decimal multipie of the "discount factor" in the next higher year.

An examination of Table XIII shows that a smail site 13 not cost effective,
A medium and large site requires further examipation. Following are cost
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YTadle X Smeli Site Costs Ly Funetion

¢

081

EQUIPHEAT COST ESTIBATE SMALL 3ITE
-
SYSTENS spigt 1
ENSINEERING, PARTS
BASIS IHSTALLATION, 5% 18781
FUNCTION EQU I PMERT ETC. €OSTS BASIC '
£osy 100% BASIC EQUIPIEHT
EQUIP. COST £osTY
1. GUTPUT CIR-
CUIT WOHIT- $36,324
FAULT 1S0- $34,85¢8
LATION 1
2. EOUIP/LINK
MONITORING $12,284 $12,284 $3,071 $27,539
3. AUTOMATED
PATCH $104,810 $104.310 $28,203 $235.823
4. REPORTING
‘ $18,058 $18,0800 $8,560 $47,508
5., CIRGUWIT
QUALIFICAT!OH |  $138,025 $138,025 $34,008 $368, 038
AND
TESTING
8. REMOTE
SITE - - - -
EQUIP/LIBK
HOMITORING
TOTAL SYSTEM $418, 414 $416,414 $140,783

v
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Table XT Msdium Site Cozt: By Funciion

231

4 Ty
e
; EOUiPRENT COST ESTINATE REDIUN SITE
= —
SYSTE4S SPARE
B30 CRGINFERING, PARTS
FONCTION (1 PXE IHSTLCLATISN, 5% 16TAL
EQLIPEENY ETC. COSTS BASiC
ast 1064 84510 EQYIPRENT
£0GLP. £OST £0ST
£, oemien:
: 24EEE1T $59,98¢8
 ESRITORINS 24D $238,995 $238,885 TEST EQUIP. | $588,723
£35L7 $34,134
ESOLATIER
.
ZaEiPLIAE 324,582 £24, 888 38,222 $55,398 |
T ERET T T :
B
N 1
PRI ETTR4L X
it s | szsoane $59, 75 §531,150
*- |
LEFEaTINS $i, 328 318,909 $8,500 $42,500
s, Liglgis
] $GRLITICATION| 184,225 314,325 $48,558 *436.553
{1
TRETIES |
2. OREEETI SINE T 162431283 vl ne
PEIF LI | i .00 )
pemiisnigr | 71143 $22. 148 “f‘ EQ8IP. 15125, 128
$85,878
T2 Y I: .
BTl STSERY | gj35 333 $733.55¢ §288.513 7,168,725

Tl

AN SO

A L A A VL AN AT QIO K




| B
t Table X Lerge Site Costs By Function
A
; EQUIPYENT COST ESTIMATE LARGE S1TE
f SYSTENS SPARE
{ BASIC ENGIREERING, PARTS
; . EQU I PHERT INSTALLATION, 254
, FURCTIOR £0ST ETC. C0STS BASIC 18TAL
f 100% BASIC EQU I PMENT
g EQUIP. COST 0087
; 1. outePuTY
! BIRCYLT 393,502
NONITORIUG AND $388, 208 $398,206 TESY EQUIP. | $933,023
FRULT $34,808
PSOLAT 0N
; 2.
E EQUEP/LIAK $39, 472 $39, 472 $9,880 $88,812
- HOKITORIHG
b
3.
AUTOMATED . :
PATCH $581, 500 $541, 560 $147,875 $1,330,875
i,
REPORTING $27,008 $27,000 $8,750 360,750
5. CIRCUIT
QUALIFICATION $255,025 $255,02% 53,758 573,806
ANG
TESTING
8. REMOTE SITVE (2 LOCAT!IDHS) $15,228
EQUiP/LINK $30 415 $30,425 TEST EQUIP. | $145.358
i YORITGRINE $59, 252
- 1
ratégq§!STE! $1,342,828 5.3462, 828 $447, 308 $3.137,524 5
) a b—. H
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Table XY Discount Factor

DISCOUNT | RCCUMULATED SU¥
YEARS FACTOR OF D ISCOUNT
FACTOR
i 1.000 i.000
2 6.908 1.608
3 0.826 2.135
4 0.751 3.486
§ 0.883 4.168
§ 0.821 4.790
1 0.56% 5.355
8 0.514 5.868
8 0.487 8.333
10 0.425 8.781
) 0.388 7.147
i 0.351 7.488
13 8.318 1.817
14 0.28% 8.107
18 0.284 8.371
18 9.240 g.611
1 0.218 8.829
18 0.198 9.027
i8 0.180 9.1207
2t 0.184 9,371




2 medfum and large rits,

1440 {minutes per day)

LCS at 90% efiicienvy.

manpower of thie thyee model sites.
SMALL 29 DC ckts x $138.02
40 VF ckts x $161,20
general
Total

dividing by $i5, 850 per man
dividing by 3 shifiz per day

multiplying by 4.2
MEDIUM 160 DC ckis x $138.52
262 V¥ ckis x $181.20
goneral
) Total

dividing by $15, 950 per man
dividiag dy 3 shiiiz per day

mulsiplylng by ¢.2
Aol LARGE 540 DC ckts x $132, 02
£ 560 V¥ vkis x $:61.20
gereral
Total

efluctiva ~aicuistions for the implementation of various combination of functicns for

The aversge overall outage time taking into consideration the fzflure distri-
bution is 38 minutea, Asauming an equai Gistributiop of V¥ and DC circuits, the
aversge indetermirate outage time i3 37 minutes. This gives an average total
outage time of 123 miantes per failure per day. Following is the calculation of
the efficiency of the DCS uging a 25% failure rate.

= 97.66%

The rosults of the "Scope Creek' testing indisated that the DCS is not opex-
ating 2t this high au efficiency. Teble XV showe the ATEC cost effectivensess for
the CS at 95% efficlency. Table XVI shows the ATEC cost effectiveness for the

Table XVII shows the ATEC cost effectiveness for the DCS at 85% efficiency.
Table XVIII shows the ATEC cost effectiveness for the DCS at 80% efficiency.

The geusral formula used to calculate manpower requirements is 4,2 times
the numbcy of men for a shift., Following ie ths calcylations for the veduction in

= $2750, 40
= $6448, 0%

3 124.78
= $9333.18

= {. 59 mea per day
= 0, %0 men per shift
=1 man

= $22, 083,20
=341.812,00
¢ 124,78
=$64,116,98

= 4 men por day

= 1. 34 meon por shift
= § men

$ 74,830,80
$ 81,%72,00
§ 124,78
$164,927.58
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dividing by $15, 950 per man = 10,34 men per day
dividing by S shifte 3.45 men per shift
multiplying by 4.2 14 men
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